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TOPOGRAPHICAL  SKETCH  OF  THE  LATERAL  WALL 
OF  THE  PELVIC  CAVITY,  WITH  SPECIAL  EEFER- 
ENGE  TO  THE  OVARIAN  GROOVE.!  By  Wm. 
Waldbyer,  M.D.,  Sc.D.  Dublin,  Professor  of  Anatomy, 
UniversUy  of  Berlin.     (PLATE  I.) 

• 

NTBND  to  give  some  account  of  the  topographical  anatomy  of 

e  outer  wall  of  the  pelvic  cavity,  especially  with  regard  to  the 
ovarian  groove  (Fossa  ovarii)^  and  to  the  position  of  the  ovary. 

If  we  look  on  the  inner  lateral  wall  of  the  pelvic  cavity,  we 
can  see  in  the  male  pelvis,  without  any  dissection — except  a  large 
amount  of  subperitoneal  fatty  tissue  be  present — the  following 
topographical  arrangements. 

On  the  side  of  the  bladder  we  shall  find,  when  this  organ  is 
empty,  a  groove  or  depression,  which  I  shall  call  *  Fossa  'para- 
vesicatisJ  This  groove  is  limited  in  front  by  the  upper  margin 
of  the  pubic  bone,  and  behind  (viz.,  in  the  male)  by  the  vas 
deferens.  A  very  well  defined  peritoneal  fold,  which  I  have 
caJed  the  'Plica  vesicaiis  transversa,*  divides  this  groove  into 
two — the  'Fossa  paravesuxdis  arUeruyr*  and  the  'Fossa  para- 
vesicalis  posterior*  (Fig.  1,  F.  pro.  a.,  F,  prv,  p.).  These  two 
fo6S£e  are  traversed  by  the  remains  of  the  hypogastric  artery 
(Arteria  umbilicalis  of  the  German  anatomists)  in  the  upper 
part,  and  by  the  branches  of  the  Arteria  vesicalis  superior  below. 

Inmiediately  behind  the  Fossa  vesicalis  posterior  there  can  be 

seen  another  fossa  of  triangular  shape.     It  is  limited  above  by 

the  external  iliac  vein,  in  front  by  the  vas  deferens,  and  behind 

by  the  ureter. 

Behind  this  fossa  the  distribution  of  the  internal  iliac  vessels 

(Vasa  hypogastrica  of  the  German  anatomists)  will  be  seen. 

^  Read  at  the  meeting  of  the  Anatomical  Society  of  Groat  Britain  and  Ireland, 
Dublin,  June  9-11,  1807. 
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I  call  the  triangular  fossa  the  *  Fodsa  obtnraioi^m^  because  it  is 
traversed  by  the  obturator  nerve  and  vessels,  and  because  its 
floor  is  formed  by  the  internal  obturator  muscle.  Moreover,  in 
this  groove  you  can  see  the  Arteria  umbilicalis  (German  nomen- 
clature), and  sometimes  a  vesical  vessel. 

The  arrangement  of  this  nerve  (viz.,  the  obturator  nerve)  and 
the  vessels  is  as  follows :  The  uppermost  of  all  is  sometimes 
the  Arteria  umbilicalis,  sometimes  the  obturator  nerve;  but 
this  nerve  is  always  situated  deeper  in  the  groove  than  the 
artery ;  in  this  manner  it  lies  on  the  lateral  side  of  the  artery  at 
the  point  where  they  cross  each  other.  Below  you  see  the 
obturator  artery,  and  lastly,  the  vein.     (Fig.  3.) 

A  third  fossa,  farther  back,  in  which  you  see  the  Vam  hypo- 
gastrica  (German  nomenclature — internal  iliac  vessels  of  the 
British  anatomists),  and  the  branches  of  these,  may  be  called 
*  Fossa  hyyogastrica' 

In  the  female  body  the  arrangement  of  these  parts  is  the 
same,  but  instead  of  the  vas  deferens  we  shall  see  the  round 
ligament  of  the  uterus. 

Fig.  1  shows  the  position  of  all  these  parts  in  the  female 
(right  side).  The  body  of  a  young  girl  of  about  14  years,  but 
well  developed,  was  divided  in  the  mesial  plane.  One  sees  the 
symphysis  ossium  pubis  (>55^y.),  and  behind  the  symphysis  the 
bladder  {Ves,).  From  the  latter  to  the  outer  wall  of  the  pelvis 
mns  the  Plica  vesicalis  transversa  {PL  v.  tr.\  which  divides  the 
Fossa  paravesicalis  anterior  (F,prv.  a.)  from  the  posterior  {Fprv. 
p.).  The  latter  is  crossed  by  the  hypogastric  artery  (A,  urnJ).). 
The  ligamentum  teres  uteri  forms  with  the  external  iliac  vessels 
{A,  V.  U,  ext,)  and  the  ureter  (uret.)  a  spacious  trigonal  fossa, 
which  is  the  same  as  the  Fossa  obturatoria  in  man,  and  we 
shall  call  it  also  *  Fossa  obturatoria  *  in  the  female. 

The  Fossa  obturatoria  in  the  female  body  is  occupied  by  the 
broad  ligament  of  the  uterus,  the  Fallopian  tube  (Tub,)  and  the 
ovary  covered  by  the  broad  Ugament  (mesosalpinx)  when  this 
is  regular.  The  letter  *  a '  indicates  the  upper  (hinder)  angle 
of  this  trigonal  fossa. 

Behind  and  below  the  ureter  we  have,  in  the  same  manner  as 
in  man,  the  Fossa  hypogastrica  (F.  hyp.), 

I  should  think,  that  the  distinction  and  notice  of  this  fossie 
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might  have  some  importance  in  surgery,  and  likewise  the  con- 
sideration of  the  transverse  fold  of  the  bladder,  because  it  clearly 
indicates  the  place  of  the  bladder,  even  though  the  latter  should 
be  quite  empty. 

I  now  come  to  the  '  ovarian  groove '  and  to  the  position  of  the 
ovary. 

i'ou  know,  that  about  thirty  years  ago  Clavdlm}  Professor  of 

Anatomy  at  Marburg,  has  first  spoken  of  a  special  groove  for  the 

ovary,  which  he  called  *  Fossa  ovarii.*  ^    He  says  (I.e.,  p.  250), — 

"  Welter  lateralwarts  ruht  das  Ovarium,  die  lange  Axe  horizontal, 
oder  meistens  nach  aussen  sin  wenig  erhaben,  in  einer  seichten  Grube, 
der  Fossa  ovarii,  die  in  ein  fetthaltiges  Bindegewebe  ausgetieft  ist, 
welches  am  oberen  Rande  des  M.  pyriformis  die  zum  Diirchtritt  der 
Yasa  imd  des  Nervus  glutaeus  superior  bestimmte  Grube  ausfullt. 
Seine  Vorderseite  wird  von  der  Ala  vespertilionis  ganz  bedeck t,  so 
dass  die  Darme  den  Eierstock  nirgends  berlihren;  die  Tuba  liiuffe 
dicht  oberhalb  seines  oberen  Eandes  nach  aussen  und  biegt  sich  dann 
abwarts  hinter  das  Ovarium,  so  dass  das  Infundibulum  in  der  late- 
ralen  Halfte  der  Fossa  ovarii,  zwischen  dem  Grunde  der  Grube  und  der 
Hinterseite  des  Eierstockes,  eingeschlossen  ist." 

The  description  of  Claudius,  as  we  shall  state  afterwards,  is 
not  exact  as  regards  the  position  of  tlie  fossa,  and  has  been 
overlooked  by  the  most  of  anatomists.  So  far  as  I  know,  W. 
Kraiise^  was  the  next  after  Claudius  to  mention  the  *  Fossa 
ovarii,'  and  he  has  described  it  more  precisely.  Afterwards  I 
have  given  a  brief  notice  of  it,*  which  was  followed  by  a  more 
exact  and  complete  description  in  my  paper  published  in  the 
year  1892.^ 

Meanwhile  appeared  the  *  These '  of  P.  Vallin,^  which  gives  a 
detailed  exposition  regarding  the  Fossa  ovarii,  and  the  position 
of  this  organ. 

'  Claudius,  i/.,  Ueber  die  Lage  des  Uterus.  Zeitschriftfilr  rcUlonelle  Mcdicin, 
herausgegeben  von  J.  HenU  wnd  C,  v,  Pfciifer.  Dritte  Reihc,  xxiii.  Bd.  S.  2i8, 
1865.— Unfortunately  this  paper  is  left  out  in  the  Index  to  the  vol.  xxiii.  ; 
henoe  it  is  necessary  to  bear  in  mind  the  page  248. 

*  (Therefore  *  Fossa  Glaudii '  of  some  German  authors. ) 

^  KrauM,  W.,  Handbuch  der  menschlichen  Anatomie.  (Illte  Aufl.  des  Hand- 
baches  yon  C.  Krause).     Bd.  II.,  Hannover,  1879,  p.  610. 

*  JFaltUyer,  \V.,  Die  Lage  der  inneren  weiblichen  Beckenorgane  bei  Nulliparen, 
Anatomischer  Ameiger,  1886,  p.  42. 

•  Waldeyer,  /F".,  Beitrjige  zur  Kenntniss  der  Lage  der  weiblichen  Becken- 
organe.    Bonn,  1892,  Fr.  Cohen. 

•  Valliii,  P.,  Situation  et  Prolapsus  des  ovaires.  TfUse  de  Paris,  1887,  4.  O. 
Steinheil. 
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Further,  we  must  point   to  the  observations  of  IHh}     He 
»ay8  (p.  145), — 

"  Da  »ich  die  Behauptuiigen  von  (.laud ins  iiber  die  Stellung  des^ 
Ovarium  ab  unlialtf^ar  erwie^sen  liaben,  so  sind  wir  nicht  mehr 
Tierechtigt  von  einer  Fossa  ovarica  ^  [Claudii]  zu  sprechen.  Die  grosse 
Mehrzahl  der  Lehrbticher  vermeidet  auch  diese  Bezeichnimg. 
Waldeyer,  welcher  sie  noch  gebraucht,  steht  hinsichtlich  seiner 
Auffassung  auf  dem  oben  pracisirten  neuen  Standpunkte.^  Die  von 
ihm  ins  Auge  gefasste  Fossa  ovarica  kann  somit  nach  Oit  und  nach 
Richtung  mit  der  Claudius'  schen  Grube  nicht  iibereinstinunen." 

These  observations  and  the  fact,  that  the  term  '  Fossa  ovarii ' 
is  not  admitted  in  the  number  of  the  'Nomina  anatomica/ 
show  that  many  anatomists  do  not  yet  consider  the  Fossa 
ovarii  as  a  normal  feature. 

In  the  last  year,  1896,  however,  I  demonstrated,  at  the 
meeting  of  the  '  Anatomische  Gesellschaft '  at  Berlin,  two  pre- 
parations, each  with  a  very  well  marked  Fossa  ovarii :  in  one 
of  these  the  fossa  was  so  deep,  that  it  was  not  possible  to  see 
the  ovary  lying  in  the  groove.  I  think  that  this  was  a  case  of 
a  beginning  Hernia  ovarii  ischiadica,  such  as  has  been  described 
by  Schillbach.^ 

Recently  Niiju/el  ^  has  adopted  my  views  of  the  Fossa  ovarii, 
but  I  cannot  agree  with  him  when  he  says  (I.e.,  p.  8), — 

"  Die  die  Nische  (viz.,  Fossa  ovarii)  umrahmenden  Gefasse  liegen  so 
eng  aneinander,  dass  der  Eierstock  mir  durch  einen  imgewohnlich 
gesteigerten  Druck  in  die  Grube  hineingepresst  werden  kann." 

Lastly  I  point  to  the  interesting  paper  of  A.  Martin,^  The 
author  does  not  deny,  it  is  true,  that  sometimes  the  ovary  is 
situated  in  a  fossa  or  groove,  but  he  describes,  if  I  have  rightly 

'  IliSf  ly.f  Die  anatomische  Nomenclatur.  Nomina  anatomica.  Leipzig, 
Veit  k  Comp.  1895.  Sepai-ataosgabe  und  als  Supplement  zum  Jalirgang  1895 
df'8  Archil's filr  AiuUomie  und  Physiologie, 

'''  Claudius  has  proposed  the  term  '  Fossa  ovarii.* 

^  His  alludes  here  to  the  vertical  direction  of  the  axis  of  the  ovary,  and  to 
other  jjoints  of  the  topographical  anatomy  of  this  organ. 

*  Schillhachy  Hernia  ischiadica  ovarii  dextri.  JenaiseJic  Zeitschrift  fiir  Medicin 
uiid  NaXurwisseiischaflen,     Bd.  I.  S.  242,  1864. 

^  Nagelf  fV.,  Die  weiblichen  Geschlechtsorgane.  Haudbuch  der  Anatomic 
des  Menschen,  herausgegeben  von  K.  v.  Bardeleben.     Jena,  1896. 

*  Martin^  A,^  Lage  und  Bandapparat  des  Eierstockes.  Festschrift  ftir  C&rl 
Rugf»     Berlin,  1896,  4.  S.  Karger. 
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understood  him,  this  groove  in  another  way  than  I  have  done  : 
the  ovary  should  usually  lie  more  behind  in  the  pelvic  cavity 
as  it  was  found  by  myself. 

I  will  go  no  farther  in  this  brief  historical  sketch,  and  I 
might  for  this  refer  to  Professor  Martins  paper,  in  which  the 
literature  of  the  topography  of  the  ovary,  and  especially  the 
question  of  the  Fossa  ovarii,  is  discussed  sufliciently. 

But  one  might  easily  see,  that  the  question,  if  the  Fossa  ovarii 
is  a  normal  human  feature  or  no,  is  now  open,  and  that  it 
would  be  necessary  to  give  a  more  detailed  account  of  the 
position  and  relations  of  this  groove  than  has  previously 
been  done. 

Since  the  last  meeting  of  the  '  Anatomische  Gesellschaft '  at 
Berlin  (1896,  April)  I  have  investigated  more  than  fifty  female 
bodies  ranging  from  early  childhood  to  advanced  age,  and  I 
have  found  that  the  ovary  is  situated  normally  in  the  manner 
which  was  first  pointed  out  by  Wm,  His  and  B.  Schnltze,  viz.,  that 
the  organ  lies  on  the  lateral  pelvic  wall,  and  vertically  when  the 
woman  t-akes  the  erect  posture ;  the  one  end,  the  *  Tnhenpol* 
near  the  external  iliac  vein,  the  other  end,  the  ^UterinjXfl* 
downwards,  and  that  the  FaUopian  tube  overlies  the  ovary  in 
such  a  manner  as  to  cover  it  on  its  medial  face  entirely,  or  nearly 
so.  (Fig.  1.)  The  convex  or  free  margin  of  the  organ  {Or.  II., 
Fig.  1  and  Fig.  2)  looks  more  downwards  toward  the  pehic 
cavity  and  behind  toward  the  rectum,  the  straight  maipn  or 
hilum  lies  laterally  on  the  pelvic  wall,  attached  to  the  meso- 
salpinx ;  this  margin  is  not  to  be  seen  in  Fig.  1,  but  you  see  it 
very  well  in  Fig.  2,  Ov.  III.  {Ov.  I.  in  the  same  figure  indi- 
cates the  ovary  as  a  whole). 

To  the  hUum  and  to  the  Fallopian  tube  are  going  the  vessels 
of  the  ovary  enveloped  by  their  peritoneal  fold ;  and  in  my  former 
papers  already  quoted  I  have  called  this  fold,  together  with  the 
included  vessels,  the  ' Ligavunium  svspensoHum  ovarii'  Fig.  1, 
Dj.  susp.  ov. 

Moreover,  I  have  found  that  the  ovary  often  lies  in  a  shallow, 

but  very  distinct  groove  (F.  ov.  I.  and  F.  ov.  II.,  Fig.  2) ;  this 

groove  is  situated  in  the  Fossa  obfuratoria,  and  therefore,  as  I 

think,  more  in  front  and  higher,  than  it  was  described  by  Clandins, 

W.  Krause,  Martin,  and  perhaps  also  by  Tallin.     This  fossa  for 
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the  ovary,  which  I  have  to  describe,  occupies  a  considerable  part 
of  the  Fossa  obturatoria,  and  is  limited  above  hj  the  umbilical 
(hypogastric)  artery,  and  below  by  the  ureter  in  such  a  manner, 
that  the  ureter  goes  along  the  convex  margin  of  the  ovary,  and 
the  umbilical  (hypogastric)  artery  passes  near  the  hilum,  viz., 
the  straight  margin. 

When  the  ovary  is  lifted  from  its  groove,  one  can  see  very 
clearly  the  groove  and  its  limits  (see  Fig.  2). 

Fig.  3  shows  the  great  iliac  vessels  denuded  of  their 
peritoneal  covering,  this  latter  lifted  away  by  a  little  ana- 
tomical hook  (ss.)  from  the  ovarian  groove.  The  ovary  is 
shining  through  the  thin  peritoneal  lamella.  You  may  see  in 
this  manner  also  the  structures  which  occupy  the  floor  of  the 
ovarian  groove :  first,  along  the  external  iliac  vein  a  little  lym- 
phatic gland  {L.gl.) ;  then  in  a  deeper  plane,  the  obturator  nerve, 
which  is  followed  below  and  crossed  more  forward  by  the  um- 
bilical (hypogastric)  artery.  From  this  artery  arises  a  little 
artery  to  the  bladder  {Ram.  ves.),  which  crosses  the  obturator 
vessels  {V.  oht,  A,  oht.).  The  vessel,  which  we  call  in  Glermany 
*  arteria  umbilicalis  *  (hypogastric  artery  of  the  British  anato- 
mists), has  often,  as  in  the  case  of  Fig.  3,  a  common  trunk 
with  the  uterine  artery  (A.  uter.).  The  latter  runs  together 
with  a  vein  along  the  ureter  (uret),  all  these  three  following  the 
lower  border  of  the  Fossa  ovarii. 

This  is  the  position  of  the  ovarian  groove  and  of  the  ovary  in 
this  groove,  which  I  have  found  in  the  majority  of  the  bodies  of 
healthy  adult  women,  and  I  might  hence  consider  this  groove, 
which  is  a  part  of  the  great  triangular  obturator  fossa,  as  a  nor- 
mal feature  of  the  human  body.  I  can  say,  further,  that  it  is 
not  the  ovarj'  only  which  forms  this  groove,  because  the  groove  is 
often  marked  also  in  the  male  body,  although  not  so  clearly  as  in 
the  female,  and  because  one  can  see  the  fossa  in  young  children, 
the  ovaries  lying  still  at  the  pelvic  brim.  But  I  think  that  the 
position  of  the  ovary  in  this  groove  is  the  typical  position  of 
this  organ  in  the  healthy  condition  of  the  pelvis  and  the  pelvic 
\iscera. 

I  confess  freely,  that  this  position  of  the  ovary  is  not  without 
exception,  and  I  might  yet  distinguish  three  other  positions  of 
this  organ  which  can   be  considered  also  as  normal:  first,  the 
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ovary  is  sometimes  situated  downioards  from  the  ureter^  so  that 
this  duct  lies  along  the  straigM  border  or  hilum  of  the  ovary, — 
this  is  perhape  the  position  described  by  Claiidius  and  W.  Krame ; 
second,  the  ovary  may  be  situated  higher^  so  that  in  certain  cases 
it  reaches  the  external  iliac  vessels,  and  comes  into  the  upper  or 
large  pelvic  cavity,  as  is  the  rule  in  the  latest  foetal  periods  and 
not  imfrequently  still  in  the  new-born  child ;  third,  the  ovary 
may  ]i(^.  farther  forwards,  but  this  condition  is  rare. 

One  can  consider  all  these  positions  as  normal,  because  they 
may  exist,  so  far  as  I  know,  without  any  pathological  trouble ; 
but  the  *  typical  situation  *  of  the  human  ovary  is,  in  my  opinion, 
that  in  which  the  organ  lies  in  the  Fossa  ovarii,  which  I  have 
just  described  as  a  part  of  the  Fossa  obturatoria. 


EXPLANATION  OF  PLATE  I. 


Fig.  1.  Vertical  median  section  through  the  pelvis  of  a  girl  aged 
14  years.  Bight  half-lying  posture.  The  ovary  and  the  Fallopian 
tube  in  the  usual  position.  (The  uterus  is  not  cut  in  the  median 
plane,  because  it  was  situated  more  in  the  left  side  of  the  pelvis 
(extra-median  position).) 

Cp.  ad,^  Corpus  adiposum  prsBvesicale  (fatty  tissue  between 
the  symphysis  and  the  bladder). 
8y,y  Symphysis  ossium  pubis. 
F.  pro.  a.,  Fossa    paravesicaUs    anterior    (anterior    paravesical 

groove). 
Ph  V,  fr.,  Plica    vesicalis  transversa  (transverse  fold  of    the 

bladder). 
F.  prv.  p,,  Fossa  paravesicalis  posterior  (posterior    paravesical 

groove). 
L(f.  fer.y  Ligamentum  teres  uteri  (round  ligament  of  the  uterus). 
A,  umb.,  Arteria  umbiUcalis  (hypogastric  artery). 
Tuh.^  Tuba  uterina  (Fallopian  tube). 
A.  V,  a.  erf.y  Arteria  et  Vena  iliaca  externa  (external  iliac  artery 

and  vein). 
Lg,  ausp,  ov.,  liigamen turn  suspensorium  ovarii  (suspensory  ligament 

of  the  ovary, — a  serous  fold  which  contains  the 
vessels  of  the  ovary). 
Uret,,  Ureter  (ureter). 
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a.,  angulus  posterior   (superior)  fosssB  obturatorise  (the 
hindermost  (uppermost)    angle  of  the  obturator 
fossa). 
Pr.,  Promontorium  (promontory). 
F,  hyp,y  Fossa  hypogastrica  (hypogastric  fossa). 
Vs.  uter.y  Vasa  uterina  (uterine  vessels). 
Rd.  tr.,  Rectum;  sectio  transversa  (rectum ;  transversely  cut). 
Or.  II.,  Margo  liber  (convexus)  ovarii   (the  free   or  convex 
border  of  the  ovary).      In  the  normal  condition 
the  ovary  is   always  overlapped  in  the  manner 
represented  in   this    drawing,   by   the   Fallopian 
tube   and   the   broad   ligament.     One   might  see 
then  only  the  free  border  of  the  organ. 
PL  D(jl.,  Plica  recto-uterina  (Douglasi)  (recto-uterine  fold). 
Ut,,  Uterus. 
A>r.  rduf.,  Excavatio  recto-uterina  (rectovaginal  pouch ;  pouch 

of  Douglas). 
Rd.lg,,  Rectum;    sectio  longitudinalis   (rectum;    cut  longi- 
tudinally). 
Ves.,  Vesica  urinaria  (bladder). 
V(j.,  Vagina. 
Urethra,  Urethra. 

An,,  Anus. 
Lh,  wj\,  Labium  majus  pudendi 

iMg.  2.  The  same  Section. 

Tlie  Fallopian  tube  with  the  broad  ligament  are  drawn  away 
from  the  ovary,  and  the  latter  is  by  being  turned  around  its  straight 
or  external  border  (hilum)  removed  from  its  Fossa. 

i4.  umb.,  Arteria  umbilicalis  (hypogastric  artery). 
PL  V,  tr,y  Plica   vesicaUs   transversa    (transverse   fold    of    the 

bladder). 
Or.  /.,  Ovarium  (ovary). 
Tub.,  Tuba  uterina  (Fallopian  tube). 
Or.  II.,  margo  liber  (convexus)  ovarii  (free  or  convex  border 
of  the  ovary). 
B,  per.  or,^  Bursa   peritonealis  ovarii  —  bursa   ovarii,   Raul>er — 

(ovarian  pouch).  When  this  pouch  becomes 
much  deeper  and  more  or  fully  closed  (mouse, 
rat),  it  is  called  'ovarian  sac'  {A.  Robinson,  in 
this    Jmiimnl,    vol.    xxi.  p.    169).      T   have   also 
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described    this    pouch:    see    Eierstock    und   ¥a, 
Leipzig,  1870. 
i*.f  Anatomical  hook  lifting  up  the  Fallopian  tube  with 
the  mesosalpinx  from  the  ovary. 
Fbr.,  Fimbriae    tubae    uterinaB   (fimbrisB    of    the  Fallopian 
tube). 
F.  ov,  /.,  Pars  superior  posterior  fossae  ovarii  (upper  and  hind- 
most part  of  the  ovarian  fossa). 
Lfj.  fniap.  ov.y  Ligamentam  suspensorium  ovarii  (suspensory  ligament 

of  the  ovary — see  explanation  of  Fig.  1). 
^-1.  uTiib.,  Arteria  umbiHcalis  (hypogastric  artery). 
r.  U.  ext.,  Vena  iliaca  externa  (external  iliac  vein), 
A.  U.  exf.,  Arteria  iliaca  externa  (external  iliac  arterj'). 
A.  hy}/,,  Arteria  hypogastrica  (internal  iliac  artery). 

Uret.,  Ureter. 
F>f.  uter.^  Vasa  uterina  (uterine  vessels). 
A.  oht.,  Arteria  obturatoria  (obturator  artery). 
V.  ohf.,  Vena  obturatoria  (obturator  vein). 
F.  m\  Il.y  Pars  inferior  anterior  fossae  ovarii  (lower  and  foremost 

part  of  the  ovarian  fossa). 
Ov,  Ill.y  Margo  accretus  (rectus)  ovarii  (attached   or   straight 

border  of  the  ovary). 

Fig.  3.  The  same  Section.  The  Fallopian  tube,  with  the  broad 
ligament  (mesosalpinx)  is  drawn  outwards  with  the  little  hook,  .v. ;  the 
part  of  the  parietal  peritoneum,  which  invests  the  ovarian  fossa,  is 
dissected  off  and  kept  away  from  the  fossa  by  another  hook,  /'x.  The 
ovary,  Ov.^  is  shining  through  the  thin  peritoneal  lamella.  One  sees 
the  vessels  and  the  ureter,  which  runs  on  the  borders  of  the  fossa 
and  lies  on  its  floor. 

Fhr.,  Fimbriae   tubae   uterinae   (fimbriae   of    the  Fallopian 
tube). 
r.  oht.,  Vena  obturatoria  (obturator  vein). 
A.  obt,  Arteria  obturatoria  (obturator  artery). 
A.  umb.,  Arteria  umbilicalis  (hypogastric  artery). 
L(/I.  il.,  Lymphoglandula  iliaca  (iliac  lymphatic  gland). 
A",  obt.,  Nervus  obturatorius  (obturator  nerve). 
I '.  if.  ejrf.j  Vena  iliaca  externa  (external  iliic  vein). 
.4.  il.  exi.,  Arteria  iliaca  externa  (external  iliac  artery). 
Tr.  com.,  Truncus     communis    arteriae   umbilicalis   et   arteriae 
uterinae  (common  trunk  for  the  hypogastric  and 
uterine  arteries). 
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A.  uinh.^  Arteria  mnbilicalis  (hjpogastric  aii«rT). 
W  uter,^  Vena  aterina  'uterine  Tcin). 
A.  nter.f  Arteria  nterina  (uterine  artery). 
Urei,,  Ureter. 
Ram,  re^,,  Ramus  resiealis  arteriae  umbilicalis  (vesical  branch  of 

the  hypojrastric  arteiy). 


1'.  of.AnaLdP^s  &cA/£9/! 


Fi^.I.  Sy. 


Fhr     :    la-amnBV       V.li.U 


AeU.  '"'"      FmU     ""       Aobt. 

vat.  :    't-^^,^ 


THE  INSULAR  DISTRICT  OF  THE  CEREBRAL  CORTEX 
m  MAN  AND  IN  THE  MAN-LIKE  ARES.i  l\j  D.  J. 
Cunningham,  F.R.S.,  Professor  of  Anatomy  and  Chmcrgei^j 
in  the  University  of  DiMin. 

Many  of  the  points  of  difference  between  the  convolutionary 
arrangement  of  the  cerebral  cortex  in  man  and  in  the  apes,  to 
which  anatomists  were  formerly  inclined  to  attribute  consider- 
able importance,  have  recently  been  found,  on  fuller  study,  to  lose 
much  of  their  weight,  whilst  others  previously  imsuspected  and 
much  more  striking  have  come  to  light.  This  is  largely  due  to 
an  increased  knowledge  of  the  manner  in  which  the  gyri  and 
sulci  assume  shape  upon  the  developing  foetal  brain.  It  cannot 
be  too  strongly  insisted  upon  that  a  just  comparison  of  the 
human  and  simian  cortex  can  only  be  undertaken  by  those  who 
have  rendered  themselves  familiar  with  the  growth  of  the  early 
human  cort-ex.  There  is  no  region  which  more  fully  illustrates 
the  truth  of  this  assertion  than  the  insular  district. 

In  the  anthropoid  ape  the  insula  or  island  of  Reil  consists  of 
a  submerged  hinder  part,  covered  by  a  fronto-parietal  and  a 
temporal  operculum,  and  an  anterior  portion,  which  lies  free 
and  exposed  on  the  surface  of  the  hemisphere,  and  on  the  same 
surface-level  as  the  rest  of  the  frontal  cortex.  The  exposure  of 
this  part  of  the  cortex  is  due  to  a  total  absence  of  the  frontal 
and  orbital  opercula  which  cover  the  corresponding  part  of  the 
human  cortex.  Another  striking  characteristic  of  the  anthro- 
poid insular  district  is  the  presence  of  the  fron to-orbital  sulcus 
which  bounds  the  exposed  part  of  the  insula  in  front,  and 
which  can  be  shown  to  correspond  to  the  anterior  limiting 
sulcus  of  Reil  in  man. 

This  interpretation  of  the  appearances  presented  by  the 
insular  district  of  the  anthropoid  cortex  is  now  very  generally 
accepted.     An  overwhelming  number  of  facts  can  be  adduced 

'  This  paper  was  read  in  July  1896  at  the  meeting  of  the  Anatomical  Society 
in  Oxford.  An  attack  of  typhoid  fever  prevented  the  author  from  publishing 
it  at  the  time. 
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in  favour  of  it ;  and  it  is  with  the  view  of  adding  one  additional 
and  somewhat  important  link  to  the  chain  of  evidence  that  this 
paper  is  written.  Before  entering  upon  this  matter,  however,  I 
would  wish  to  touch  briefly  upon  some  of  the  more  essential 
points  which  have  already  been  brought  forward  in  support  of 
the  views  which  I  have  expressed  regarding  the  differences 
which  exist  between  the  human  and  anthropoid  insular  districts. 

The  temporal  and  fronto-parietal  opercula  which  are  present 
in  both  man  and  the  ape  appear,  as  might  be  expected,  very 
early  in  the  human  foetus  (end  of  the  fifth  month).  The 
temporal  operculum  grows  more  rapidly  than  the  fronto- 
parietal ;  80  that  when  their  lips  come  together  to  form  the 
posterior  limb  of  the  fissure  of  Sylvius,  there  is  a  greater  extent 
of  the  Sylvian  fossa  covered  by  the  temporal  operculum  than 
by  the  fronto-parietal.  This  accounts  for  the  more  oblique 
direction  of  the  Sylvian  fissure  in  the  foetal  brain.  But  at  this 
Btage  a  growth-antagonism  between  the  two  opercula  takes 
place,  and  in  this  the  fronto-parietal  operculum  proves  the 
victor.  The  contiguous  lips  of  the  two  opercula  become  in  the 
first  instance  tightly  pressed  together ;  and  then,  as  the  upper 
operculum  proves  the  stronger  and  more  vigorous  in  its  growth, 
the  posterior  limb  of  the  fissure  of  Sylvius  becomes  gradually 
depressed,  until  it  assumes  the  inclination  characteristic  of  the 
adult.  The  oblique  direction  of  the  fissure  in  the  ape  would 
seem  to  indicate  that  the  opercular  growth-antagonism  referred 
to  above  does  not  occur  to  the  same  extent,  if  indeed  it  occurs 
at  all,  in  the  simian  foetal  brain.  It  is  probable  that  the 
greater  growth-energy  of  the  fronto-parietal  operculum  in  man, 
in  the  later  stages  of  foetal  development  and  in  the  earlier 
stages  of  infantile  growth,  is  due  to  an  extension  of  that  district 
of  the  cortex  in  which  the  centres  for  the  skilled  movements  of 
the  upper  limbs  reside,  and  also,  to  a  large  extent,  of  Flechsig*s 
parieto-occipital '  association '  area. 

The  orbital  and  frontal  opercula  of  the  human  foetal  brain  are 
late  in  appearing,  and  very  tardy  in  their  growth.  They  do  not 
begin  to  take  shape  until  more  than  half  of  the  Sylvian  fossa 
has  already  been  closed  by  the  fronto-parietal  and  temporal 
opercula.  The  orbital  operculum  appears  first,  and  is  much 
more  constant  in  its  growth  than  the  frontal  operculum.     The 
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frontal  operculum,  indeed,  frequently  fails  alucvihcr  an\  as  i< 
well  known,  it  shows  the  greatest  amount  of  varL*'  :I::t  in  the 
degree  to  which  it  is  developed.  The  form  *lSc^umtri  ly  iho 
two  anterior  limbs  of  the  fissure  of  Sylvius  uepends  up.  n  :l.v 
degree  of  development  of  the  frontal  u|.iercu!um,  and  every 
anatomist  is  familiar  with  the  U-form  when  iLe  ^.-j^r^iilum  is 
well  marked ;  the  V-form  when  the  operculum  is  Ir^  stron-:!y 
marked ;  and  the  Y-form,  with  a  varying  leii^'ih  of  the  vertical 
or  common  stem  of  the  Y  when  the  fi-ontal  operculum  L&  feebly 
developed.  In  those  cases  where  the  frontal  openiulum  is 
absent  altogether,  the  single  anterior  limb  of  the  tissure  of 
Svlvius  is  the  result.  The  tardv  <»TOwth  of  the  orbital  aiui 
frontal  opercula  is  exhibited  by  the  fact  that  it  is  <.>uly  in  the 
first  year  of  infantile  life  that  they  come  into  appi.^ition  with 
each  other,  and  with  the  other  two  opercula,  to  close  in  the 
Sylvian  fossa  completely. 

The  late  appearance,  the  slow  growth,  the  varial-ility  of  these 
two  opercula,  and  also  the  tendency  to  abortive  growth  or  com- 
plete suppression  of  the  frontal  operculum,  all  bespeak  the  fact 
that  from  a  phylogenetic  point  of  view  the  orbital  and  frontal 
opercula  are,  comparatively  speaking,  recent  productions  in  the 
human  brain  ;  and  it  need  cause  no  surprise,  therefore,  that  they 
are  peculiar  to  man,  and  altogether  absent  in  the  ape,  except 
in  certain  rare  cases  where  the  anthropoid  brain  in  this  respect 
takes  a  sl^ht  step  in  advance,  and  points  out  the  path  over 
which  the  human  brain  has  travelled  in  the  evolution  of  the 
J>ylvian  district. 

A  considerable  amount  of  variability  is  also  observed  in  the 
Sylvian  district  of  the  anthropoid  brain.  The  accompanying 
figure  (fig.  1)  probably  shows  the  condition  which  is  most 
commonly  present. 

The  so-called  anterior  limb  of  the  Sylvian  fissure  (O.S.),  which 
in  reality  merely  represents  the  anterior  free  edge  of  the  fronto- 
parietal operculum,  diverges  from  the  anterior  part  of  the  edc^e 
of  the  temporal  operculum,  and  leaves  a  triangular  field  between 
(I.)  exposed  on  the  cerebral  surface.  This  field  is  the  exposed 
part  of  the  insula.  The  fronto-orbital  sulcus  (F.O.)  which  limits 
this  field  in  front  represents  the  anterior  limiting  sulcus  of  Reil 
in  the  human  brain,  and  forms  the  front  boundary  of  the  entii*e 
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insular  district.  Marchand^  suggests  the  very  appropriate  name 
of  '  opercular  sulcus  *  for  the  so-called  anterior  limb  of  the  Sylvian 
fissure ;  and  seeing  that  this  sulcus  cannot  with  truth  be  regarded 
as  the  equivalent  of  either  of  the  anterior  Sylvian  limbs  in  man, 
it  is  well  to  adopt  the  term.  It  will  be  noticed  that  in  the 
chimpanzee  cerebrum  figured  below  (fig.  1)  the  opercular 
sulcus  (O.S.)  falls  short  by  a  considerable  distance  of  the  fronto- 
orbital  sulcus,  and  that  the  exposed  part  of  the  insula  is  con- 
tinued upwards  between  the  two  sulci,  on  the  same  surface- 
level  as  the  remainder  of  the  frontal  cortex. 


Fio.  1. — Tracing  from  the  cerebral  hemisphere  of  a  Chimpauzee. 

References  common  to  Figs.  1,  2,  3,  4. 

S.,  Posterior  limb  of  the  Sylvian   fissure,  formed  by  the  appositiou  of  the 
lips  of  the  temporal  and  frouto-parietal  opercula. 
O.S.,  The    opercular  sulcus  (so    called   by  Marchand),   which  represents  the 

anterior  free  edge  of  the  fronto-parietal  operculum. 
F.O.,  Fronto-orbital  sulcus  —  the  equivalent  of  tne  anterior  bounding  sulcus 
of  Reil  in  man. 
I.,  The  exposed  portion  of  the  insula. 

In  figure  2  another  chimpanzee  cerebrum  is  represented ;  and 
here  it  will  be  observed  that  the  sulcus  opercularis  has  made  a 
distinct  advance  towards  the  fronto-orbital  fissure.  This  is  due 
to  an  elongation  of  the  fronto-parietal  operculum,  and  the  im- 
mediate effect  is  that  the  exposed  part  of  the  insula  is  more 
completely  cut  off  from  the  general  sui-face  of  the  cortex. 

A  further  step  in  the  same  direction  is  seen  in  figure  3. 
The  elongation  of  the  sulcus  opercularis  (O.S.)  has  been  carried 

1  Die  Morphologie  des  Stirulappens  und  der  Insel  der  Anthropomorphen — 
Arbeitcn  aus  dcm  pathologischeii  Institute  zu  Marburg.  Zwuiter  Band — Erstcs 
Heft— 1893. 
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to  such  an  extent  that  it  has  almost  joined  the  sulcus  frouto- 
orbitalis  (F.O.) ;   and   this  represents  a  very  decided  advance 
towards  the  condition  present  in  the  human  brain,  in  which 
the  entire  insula  is  circumscribed  by  a  limiting  sulcus. 
But  this  process  may  be  carried  to  a  still  greater  length. 


Fio.  2. — Tracing  from  a  Chimpanzee  cerebrum. 

In  figure  4  a  union  between  the  sulcus  opercularis  and  the 
fronto-orbital  sulcus  has  taken  place.  This,  of  course,  means 
that  the  upper  bounding  sulcus  of  Eeil  has  joined  the  fronto- 
orbital  sulcus,  which  is  the  equivalent  of  the  anterior  bounding 


Fig.  3. — Tracing  from  the  cerebrum  of  a  Chimpanzee. 

sulcus  of  Eeil  in  man ;  and  the  insular  district  is  in  this  way  as 
completely  cut  off  from  the  surrounding  cortex  as  in  the  human 
brain.  But  the  cerebrum  from  which  this  tracing  was  taken 
showed  two  further  points  of  considerable  interest,  and  of 
marked  significance.     The  exposed  part  of  the  insula  (I.)  was 
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distinctly  depressed  below  the  general  surface-level  of  the 
surrounding  cortex,  and  the  anterior  lip  of  the  fronto-orbital 
sulcus  was  very  exuberant,  and  showed  a  tendency  to  grow 
backwards  over  the  posterior  lip, — foreshadowing,  in  this  way, 
the  formation  of  an  orbital  operculum. 

Tliis  condition  is  rare  in  the  chimpanzee.  Still,  I  have  in  my 
possession  photographs  of  two  cerebral  hemispheres,  taken  from 
different  individuals,  which  show  it.^  It  is  also  interesting  to 
note  that  a  similar  condition  of  the  insular  district  is  occasion- 
ally met  with  in  all  the  anthropoids.  In  Pansch's  figure*^  and 
also  in  a  figure  by  Bischoff '  of  the  gorilla  brain  it  is  seen ; 
Kohlbriigge*  has  shown  that  it  is  not  uncommon  in  the  gibbon 


Fig.  4. — Tracing  from  the  cerebrum  of  a  Chimpanzee. 

brain ;  whilst  Marchand^  has  called  attention  to  it  in  the  left 
cerebral  hemisphere  of  an  orang,  and  also  in  the  right  hemi- 
sphere of  a  chimpanzee. 

The  mapping  out  in  this  definite  manner  of  the  anthropoid 
insular  district   is  to   be  regarded  as  a  very  decided  advance, 

^  The  second  hemisphere  is  figiired  in  pag«  19  (fig.  7). 

^  Bolau  und  Pansch,  Abhandluugen  aus  dem  Gebiete  der  Naturwisseuschaftcn 
herausgegeben  vom  Naturwissenschaftlichen  Verein  zu  Hamburg,  1876. 

'  Ueber  das  Gehirn  eines  Gorilla  und  die  untere  oder  dritte  Stirnwindung  der 
AfTen.  Sitzungsberichte  der  K.  bayer.  Akademie  der  Wissenschaften.  Sitzung 
der  math.-phy8.  Clasao  vom  10,  Marz  1877. 

*  *'  Zoologische  Ergebiiisso  einer  Rci;>e  iu  Niedurliiudischen  Oat.  Indien,**  Band 
ii.,  Leiden,  1891. 

'  *'  Die  Morphologie  des  Stirnlanpens  und  der  Insel  der  Anthropomorphen,*' 
p.  55. 
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and  indicates  a  distinct  and  definite  tendency  on  the  part  of 
the  brain  of  these  apes  to  take  a  step  towards  the  human 
condition.  Indeed,  it  is  not  uncommon  to  meet  with  foetal 
brains  which  in  the  last  month  or  so  of  intra- uterine  develop- 
ment show  a  precisely  similar  arrangement  of  parts  in  the 
Sylvian  district.  Figure  5  represents  a  tracing  from  such  a  cere- 
bral hemisphere.  In  this  the  frontal  operculum  is  absent,  and 
the  upper  bounding  sulcus  of  Reil  (the  sulcus  opercularis  of  the 
chimpanzee)  joins  with  the  anterior  bounding  sulcus  of  Seil 
(the  sulcus  fronto-orbitalis  of  the  chimpanzee).  The  anterior 
portion  of  the  insula  is  exposed,  and  the  whole  arrangement  is 


Fig.  5. — ^Tracing  of  Brain  of  Human  FcBtiu  at  the  beginning  of  the  last  month 

of  intra-nterine  development. 

F.P.,  Fronto-parietal  opercnlum, — the  free  edge  below  the  letters  forming  a 
Bolcos  equivalent  to  the  snlcus  opercomriB  as  seen  in  Figure  4  (O.S.) 
of  the  Ohimpanzee's  brain. 

A.R.,  Anterior  limiting  aulcna  of  Beil,  corresponding  to  the  fronto-orbital  sulcus 
in  the  Chimpanzee's  cerebrum  (vide  Fig.  4,  F.O.). 

5. A.,  Single  anterior  limb  of  the  Sylvian  fissure. 

to  be  regarded  as  exhibiting  the  early  condition  of  parts  which 
in  the  course  of  development  leads  to  the  formation  of  a  single 
anterior  limb  of  the  Sylvian  fissure,  by  the  approximation  of  the 
lipe  of  the  orbital  and  fronto-parietal  opercula  across  the  space 
which  is  usually  occupied  by  the  frontal  operculum  (the  '  cap ' 
of  Broca).  From  this,  therefore,  it  will  be  seen  that  the  chim- 
panzee and  other  anthropoids,  when  they  attain  the  higher 
development  referred  to  above,  possess  a  true  representative  of 
the  single  anterior  limb  of  the  Sylvian  fissure  in  man. 

As  I  have  already  stated,  the  series  of  chimpanzee  brains 
represented  in  figs.  1,  2,  3,  and  4  indicate  in  some  measure  the 

VOL.  xxxn.  (n.s.  vol.  xil)  b 
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path  pursued  by  the  human  brain  in  the  evolution  of  the  iosolar 
district ;  and  it  Ib  a  matter  of  much  interest  to  note  that  the 
highest  stage  reached  by  the  anthropoid  brain  (fig.  4)  is  practi- 
cally identical  with  a  not  infrequent  and  low  condition  ot  the 
festal  human  insular  district. 

But,  to  pass  from  this  line  of  ailment,  it  may  be  well  also 
to  state  that  most  satisfactory  corroborative  evidence  is  afforded 


Fio.  0.— HoriEODtal  gsotjon  through  » left  hunuik  oerebral  hemisphere. 

F.P.,  FroDto- parietal  opercnlnm.  C.N.,  Caadatenncleus— headandUil. 
I.,  IdsuIb.  T.,  Thalamos. 

T.,  Temporal  □perculDiQ.  I.G.,  Ictomal  c&psiila. 

C,  CUaitram.  I1.N.,  Ijenticnlar  nuoleiu. 

S.,  Spleoiam  of  corpiu  i^osiuii.  G.M.,  Genu  of  corpus  calloanm. 

P.H.,  I&«cendmg  horn  of  lateral  L.V.,  Auterior  horn  of  lateral  ven- 
veatricle.  tricle. 

by  measurement  that  the  submerged  part  of  the  insula  of  the 
anthropoid  does  not  correspond  with  the  entire  insular  district 
in  maa  Thus,  in  man  the  insular  district  forms  29-6  per  cent, 
of  the  lateral  length  of  the  cerebrum ;  in  the  orang,  only  215 
per  cent. ;  and  in  the  chimpanzee,  only  182  per  cent.  Again,  it 
can  easily  be  ascertained  that  in  man  13  per  cent,  of  the  length 
of  the  insula  lies  in  front  of  the  coronal  suture,  whilst  in  the 
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chimpaiizee  the  eDtire  submei^ed  part  lies  behind  that  sutural 
line,  and  in  the  orang  the  suture  intei-sects  the  upper  anterior 
eomer  of  the  insula.^ 

There  is  still  another  method  by  which  the  extent  of  the  insular 
district  of  the  cortex  in  the  anthropoid  may  be  tested.  When  a 
horizontal  section  is  made  through  the  human  cerebrum  at  such 
a  level  as  to  cut  throi^h  the  most  anterior  point  of  the  island 
of  Eeil,  it  is  seen  that  the  area  occupied  by  the  insula  ver>- 
nearly  corresponds  with  the  subjacent  masfles  of  grey  matter 
represented  by  the  putamen  and  the  head  of  the  caudate  nucleus 
(fig.  6).  The  extreme  anterior  limit  of  the  insula  corresponds 
very  nearly  to  the  anterior  end   of   the  heart   of   the  caudate 


Flo.  7, — Bight  cerebral  hemisphere  of  a  Chirapanzee. 

nucleue ;  whilst  its  posterior  limit,  as  seen  in  a  section  at  this 
level,  is  observed  to  fall  slightly  short  of  the  posterior  end  of 
the  pntamen  of  the  lenticular  nucleus. 

I  have  made  two  horizontal  sections  through  the  chimpanzee 
cerebmm  at  the  levels  indicated  in  the  accompanying  figure 
(fig.  7).  The  first  section  passed  through  the  upper  part  of 
the  fron  to-orbital  sulcus,  and  is  clearly  too  high  for  comparison 
with  the  section  shown  in  fig.  6 ;  the  second  cut  was  made 
through  the  middle  of  the  fronto-orbital  sulcus,  and  corresponds 
in  level  as  nearly  as  possible  to  the  section  through  the  human 
brain  repi-esented  in  fig.  6.  I  have  reproduced  the  appearances 
presented  by  the  cut  surfaces  of  both  sections  in  figs.  8  and  9. 

'  For  more  d^taiUil  iDrarmation  regarding  thene  relations,  see  "CunDingliam 
Xemoir"  No.  ni.— Kojal  Irish  Academy. 


20 


WtOFWWOR   n.   J.   CUNNINGHAM. 


Theae  Bectiona  show  a  iminber  of  points  of  extreme  iutereet, 
but  perhaps  the  most  striking  is  the  great  relative  size  of 
the  caudate,  lenticular,  and  thalamic  masses  of  grey  matter 
in  comparison  with  the  extent  of  cortex.     In  this  respect 


Flo.  8.— Cut  aurfaoB  eipo»«i  by  ths  higher  section  on  the  auder  aspect  of  the 
upper  block  of  the  eerebral  hemiiiphere  of  the  ChitnpaDiee  hniin,  repn- 
sented  ip  Fig.  7. 


F.O.,   Fronto -orbital  aukuB. 
^.L.,  Septum  locidum. 

U.,  G«na  of  corpus  callosum. 
LV.,  Anterior  horn    of   lateral   i 

C.N,,  Caudate     iiucleua  —  head 
tail. 


r..P.,  Globiin  pallidus. 
I.e.,   In [enial  capsule. 


tricle. 


I   of   lateral   < 


F,,  Posterior  pillar  of  fomii. 
S.,  Splauium  of  cornuB  pfilloaum. 
Sy,,   Fissure    of    Sylvius  —  |>osleri 

T.,  Temporal  opercuIiuD. 

I    F.P.,  Fronto- parietal  operculum. 

S.I.,  Submei^ed  part  of  insniR. 

1        C,  Claustrum. 


the  chimpanzee  cerebrum  olfers  a  contrast  to  tlrnt  of  man :  the 
proportion  of  cortical  to  baeal  grey  matter  in  the  two  is  entirely 
dilferent  For  our  present  purpose  the  section  represented  in 
tig.  9  is  alone  of  use.  In  thia  the  most  anterior  limit  of  the  sub- 
merged insula  (S.I.)  doea  nut  extend  as  far  forward  as  the  anterior 
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end  of  the  putamen  of  the  lenticular  nucleus,  and  therefore  it 
cannot  correapond  with  the  entire  area  of  the  inaiihi  in  man. 
On  the  other  hand,  if  we  take  the  fronto-orbital  buIcus  (F.O.)  as 
indicatiun   the   front  boundary  of   the   insular   region   in   the 


n  ofcorpui  ualloHum.  I 

date  DnclmH—heBd  anil  UiL 


Fig.  10. — tinder  surlace  of  the  upper  block  ol  the  left  hsmuphere  or  an  Onng- 
atsn,  cut  horizontAllT  acrow  at  tlic  level  of  the  lower  section,  indiuited  in 
the  fignre  of  the  hemuphera  of  the  CbimpODEee  (Fig.  7). 

P.H.,  Posterior   horn  of  Uleml   ven- 

S,,  Sjlviui  tisBUre. 
T.,  Temporal  operculum. 
F.  P.,  Fronto-parietal  operculum. 
C,  OUoitniin. 

_., . I    F.O.,  Fronto-orbital  sulciui. 

•     3.I.,  Submerged  part  oMnsula, 

anthropoid,  it  will  be  noticed  that  this  brings  forwarrl  the 
district  to  the  required  extent.  In  other  words,  this  furrow, 
which,  as  we  have  stated,  is  the  equivalent  of  the  anterior  bound- 
ing sulcus  of  Reil  iu  uian,  corresponds  in  position  to  the  anterior 
end  of  the  head  of  the  caudate  nnrlena. 
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The  same  result  is  obtained  when  a  similar  section  is  made 
through  the  cerebral  hemisphere  of  an  orang  (fig.  10). 

The  submerged  part  of  the  insula  (S.I.)  presents  an  area  on 
the  surface  about  equal  in  extent  to  that  of  the  outer  aspect  of 
the  putamen  of  the  lenticular  nucleus,  whilst  the  fronto-orbital 
sulcus  cuts  the  cortex  opposite  the  anterior  end  of  the  head  of 
the  caudate  nucleus. 

By  means  of  Dr  Bruce's  microtome,  I  have  made  a  complete 
series  of  coronal  sections,  through  two  chimpanzee  hemispheres 
and  one  orang  hemisphere,  and  the  evidence  afforded  by  these  is 
precisely  the  same,  although  it  is  not  of  so  striking  a  character 
as  that  obtained  from  the  horizontal  sections.  The  sectional 
anatomy  of  the  anthropoid  cerebrum  presents  many  points  of 
intei-est  in  addition  to  those  I  have  thus  briefly  touched  upon  in 
this  paper ;  but  as  T  hope  to  deal  fully  at  some  future  time  with 
this  matter,  I  shall  not  go  further  into  the  subject  at  present. 

Although  various  observers  have  made  horizontal  sections 
through  the  cerebral  hemispheres  of  the  chimpanzee  and  orang, 
chiefly  with  the  view  of  ascertaining  the  condition  of  the 
posterior  horn  of  the  lateral  ventricle,  I  believe  that  the  figures 
which  I  publish  are  the  first  that  represent  the  arrangement  of 
the  caudate,  lenticular  and  thalamic  nuclei  in  the  anthropoid 
ape.  Marchand^  was  indeed  fully  alive  to  the  importance  of 
determining  the  relation  of  tlie  lenticular  and  caudate  nuclei  to 
the  surface,  with  the  view  of  throwing  more  light  upon  the 
(question  of  the  morphology  of  the  anthropoid  insular  district. 
He  made  a  horizontal  section  through  an  orang  cerebrum,  but 
this  was  not  in  a  particularly  good  state  of  preservation,  and 
he  does  not  figure  it.  Still,  he  was  led  to  infer  from  what 
he  saw  that  the  caudate  nucleus  extends  as  far  forward  as 
the  fronto-orbital  sulcus.  It  may  be  well  to  mention  that 
Marchand  is  a  firm  believer  in  the  view  that  the  fronto-orbital 
sulcus  in  the  anthropoids  corresponds  with  the  anterior  Umiting 
sulcus  of  Beil  in  man.  Indeed,  he  and  I  arrived  at  this  con- 
clusion quite  independently  of  each  other,  and  almost  at  the 
same  time. 

1  **  Die  Morphologie  dea  Stirnlappeus  und  der  Insel  der  AQthropomorphen," 
p.  81. 


THE  RELATION  OF  THE  FORNIX  TO  THE  M AEG  IN 
OF  THE  CEREBRAL  CORTEX.^  By  G.  Elliot  Smith, 
M.D.,  Ch.M.  (Syd.),  James  King  Travelling  Scholar  of  the 
University  of  Sydney^  St  John*s  College,  Cambridge. 

Thire  are  many  points  of  fundamental  importance  in  the  anatomy 
of  the  fornix  which  are  almost  unintelligible  without  an 
accurate  knowledge  of  the  morphology  of  that  part  of  the  cortex 
to  which  the  fornix  is  so  intimately  related,  and  which  may  be 
called  the  '  margin  *  of  the  cortex.  This  region  of  the  brain  of 
man  has  been  recently  described  in  great  detail  by  Gustav 
Ketzius,  in  a  magnificent  monograph  and  atlas  (Das  MenschenJiim, 
1896).  A  long  line  of  investigators,  of  whom  the  most  recent 
are  Marchand,  Paul  Martin,  and  Retzius,  have  clearly  demon- 
strated the  manner  in  which  the  margin  of  the  cortex  becomes 
modified  during  development  in  certain  of  the  more  highly 
organised  mammalia.  But  the  study  of  the  ontogeny  of  a  few 
of  the  higher  types  of  brain  does  not  give  one  an  insight  into 
the  process  of  differentiation  sufficiently  clear  to  interpret  the 
meaning  of  the  peculiar  changes  which  the  margin  of  the  cortex 
undergoes.  Such  a  knowledge  can  only  be  gained  by  the 
examination  of  a  large  series  of  brains  of  widely  differing  types, 
provided,  of  course,  that  these  types  can  be  accurately  com- 
paied,  and  the  homologies  of  corresponding  parts  satisfactorily 
determined. 

This  method  has  been  followed  in  the  present  communication. 
The  most  striking  result  which  proceeds  from  this  line  of  study 
is  the  recognition  of  the  fact  that  the  fornix  conforms  to  one 
and  the  same  fundamental  plan  in  the  arrangement  of  its  fibres 
in  all  vertebrates,  and  even  in  such  dissimilar  types  as  those 
presented  by  the  Sauropsida  and  Mammalia. 

The  best  introduction  to  the  study  of  the  fornix  is  the 
investigation  of  the  morphology  of  the  margin  of  the  cortex. 
For,  when  the  modifications  which  the  nuu^^  of  the  cortex 

^  Communicated  to  the  Anatomical  Society  of  Great  Britain  and  Ireland,  at 
Dublin,  Jnne  1897. 
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has  undergone  in  the  evolution  of  the  higher  type  of  mammalian 
brain  are  understood,  it  becomes  a  relatively  simple  matter 
not  only  to  trace  the  fibres  of  the  fornix  in  their  apparently 
aberrant  and*  devious  courses,  but  also  to  recognise  the  signifi- 
cance of  these  peculiarities. 

At  the  outset  it  is  necessary  to  explain  what  is  meant  by  the 
term  *  fornix.'  Introduced  originally  as  a  purely  descriptive 
term  to  describe  the  *  arched'  or  'vaulted*  (Latin,  fornix; 
and  German,  Gewolhe)  arrangement  of  nerve  fibres  on  the  ventral 
aspect  of  the  corpus  callosum,  the  term  had  no  exact  meaning 
to  the  histologist  With  the  growth  of  a  more  exact  knowledge 
of  brain  anatomy,  various  writers  have  employed  the  term  in 
very  different  senses.  Thus,  while  some  writers  apply  it  merely 
to  longitudinal  uncrossed  fibres  of  one  hemisphere,  others 
include  crossing  or  commissural  fibres.  Others,  again,  would 
restrict  it  merely  to  the  so-called  '  anterior  pillar '  of  the  fornix 
and  its  backward  continuation  in  the  hemisphere. 

In  this  communication,  the  *  fornix  '  will  always  be  regarded 
as  oM  those  fibres  which  arise  from  or  end  in  the  hippocampus,  and 
which,  at  some  part  of  their  coivrse,  form  constiticerUs  of  the  fimbria 
or  alvefus.  This  definition  will  be  untenable  if,  as  Koelliker 
believes,  the  fornix  also  derives  fibres  from  the  gyrus  fornicatus 
but,  upon  the  morphological  grounds  advanced  in  this  memoir , 
the  definition  just  formulated  appears  to  be  perfectly  justifiable. 
For  this  definition  includes  the  whole  of  a  natural  group  of 
fibres  with  a  conmion  phylogenetic  history,  which  differs  from 
that  of  all  the  other  fibre-systems  of  the  cerebral  hemisphere. 

There  are  so  many  elements  of  confusion  in  the  literature  of 
this  subject  that  it  will  conduce  to  clearness  and  conciseness  if 
the  consideration  of  the  various  opinions  upon  this  complex 
region  of  the  brain  be  deferred  until  the  indubitable  facts  of  the 
case  have  been  stated. 

The  HiPPOCAMrus  in  Man. 

If  one  examines  the  mesial  surface  of  a  fresh  human  cerebral 
hemisphere  in  which  the  overhanging  folds  of  the  cortex  have 
been  gently  drawn  aside  so  as  to  expose  the  marginal  r^on,  he 
will  obtain  a  view  of  certain  structures  which  are  schematically 
represented  in  the  first  figure. 
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It  is  quite  unnecesBar}'  to  enter  here  into  s  particular  acconnt 
of  all  th^  is  shown  iu  this  scheme,  since  its  main  features  are 
quite  familiar  to  all  students  of  anatomy,  and  its  details  will  be 
fully  disctissed  subsequently. 

The  fascia  dentata  (/f)  appears  ae  a  baud  of  cortex  extending 
Erom  near  the  temporal  pole  {d")  obliquely  upward  and  backward 
to  the  posterior  aspect  of  the  splenium  («)  of  the  corpus  CHlloeum 
(e),  where  it  appears  {d")  60  taper   and  end.     The  fimbria  (/) 


consiste  of  a  white  band,  placed  immediately  upon  the  mai^nal 
side  of  the  fascia  dentata.  It  begins  in  the  temporal  region,  in 
cloae  proximity  to  the  temporal  extremity  of  the  fascia  d^tata 
(^  and  accompanies  the  fascia  dentata  (except  at  the  point 
marked  a')  as  far  ae  the  inferior  aspect  of  the  splenium  (s) 
Here  the  fascia  dentata  bends  backward  (d")  to  reach  the 
posterior  surface  (jf  the  splenium  (s),  but  the  fimbria  continues 
ita  upward  course  iu  front  of  the  splenium.  It  thus  becomes 
separated  from   the   fascia  dentata   by    l^e   splenium.     After 
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leaving  the  fascia  dentata  this  band  of  iSbres  is  known  in  human 
anatomy  as  the  *  posterior  pillar '  of  the  fornix  (/').  The 
fimbria  (/),  and  its  continuation,  the  *  posterior  pillar,'  form  a 
regular  curve,  which  extends  right  round  or,  to  speak  more 
accurately,  forms  the  mai^in  of  the  hemisphere.  It  reaches  as 
far  forward  as  the  lamina  terminalis  (l'),  to  whose  dorsal 
extremity  it  presents  important  relations,  which  will  be 
subsequently  discussed.  The  anterior  continuation  of  the 
fimbria  and  posterior  pillar  of  the  fornix  is  often  known, 
together  with  its  fellow  of  the  opposite  hemisphere,  as  the 
'  body  of  the  fornix '  (/"). 

These  terms  *  posterior  pillar '  and  *  body  of  the  fornix  *  are 
mentioned  here  merely  to  be  discarded.  In  human  anatomy 
they  may  be  useful  and  convenient  enough,  but  when  they  are 
applied  to  comparative  anatomy  they  cease  to  have  any  value, 
because  they  are  purely  relative  and  arbitrary  terms.  In  this 
communication  the  term  *  fimbria '  will  be  understood  to  include 
the  whole  extent  of  the  marginal  frmge  of  medullated  nerve 
fibres  (//./")  from  temporal  pole  to  lamina  terminalis  (f ), 
therefore  including  the  *  posterior  pillar '  and  '  body '  of  the 
fornix  of  human  anatomy. 

These  structures — fascia  dentata  (d)  and  fimbria  (/) — are 
practically  all  that  can  be  seen  upon  the  surface  of  the  human 
brain  of  that  large  cortical  formation  known  as  the  'hippo- 
campus,' which  form  so  prominent  a  bulging  into  the  lateral 
ventricle.  It  is  only  necessary  to  glance  at  a  transverse  section 
through  the  hippocampal  formation  to  appreciate  how  much  of 
the  hippocampus  is  hidden  from  view,  or  submerged  below  the 
surface  of  the  hemisphere. 

The  general  and  essential  features  of  the  hippocampus  alter 
very  slightly  in  the  mammalian  series,  and  are  so  characteristic, 
when  examined  histologically,  that  after  appreciating  its 
peculiarities  in  any  given  brain^  it  is  quite  easy  to  recognise 
them  in  other  brains,  even  when  placed  among  quite  different 
surroundings. 

In  the  brain  of  the  rabbit  a  form  of  hippocampus  (fig.  2)  is 
found  which  is  typical  of  the  great  majodty  of  Meta-  and 
Eutheria,  and  is  therefore  better  suited  for  our  present  purpose 
than  the  somewhat  special  type  which  the  human  brain  presents. 
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In  this  scheme  of  a  section  through  the  hippocampus  of  a  rabbit 
(Lepiis),  the  fimbria  (fig.  2,  /)  represents  the  boundary  between 
the  intra-ventricular,  epithelium-covered  surface  {A\  and  the 
extra-ventricular  exposed  surface  of  the  region  (a),  because  the 
epiUielial  choroidal  fold  which  forms  part  of  the  ventricular  wall 
is  attached  to  the  fimbria.  In  the  figure,  dd  represents  the 
fascia  dentata,  and  khh  the  rest  of  the  hippocampus.  Of  the 
extensive  surface  area  which  this  hippocampal  formation 
possesses:  only  a  small  fragment  (D) — less  than  a  third — of  the 
fascia  dentata  appears  upon  the  surface.  The  rest  of  the  fascia 
dentata  {d)  and  the  whole  of  the  surface  of  the  hippocampus 
proper  (A)  is  hidden  from  view    in   the   depths   of  the  hippo- 
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Fic;.  2. — Scheme  of  a  section  through  tlie  hippocuiupUH  of  a  rabbit,  at  right  angles 
to  its  long  axis.  Section  stained  with  lithium  carmiru,  and  subsequently 
treated  by  PaVs  hsematoxylin  method. 

campal  fissure,  and  shut  out  from  participation  in  the  formation 
of  the  actual  surface  of  the  brain. 

But  a  band  of  grey  substance  (a),  covered  with  a  very  thin 
but  definite  layer  of  medullated  fibres,  is  found  forming  part  of 
the  surface  between  the  fascia  dentata  (D)  and  the  fimbria  (/). 
This  consists  of  a  band  of  cortex  which  has  become  inverted,  ie., 
ils  superficial  layer  is  morphologically  the  '  deep  *  or  ventricular 
surface,  and  the  medullary  covering  is  the  cdveus,  normally  the 
ventricular  coat  of  the  hippocampus. 

A  clearer  and  more  vivid  picture  of  the  changes  which  the 
hippocampus  has  undergone  in  this  process  of  inrollii^  will  be 
obtained  if  we  imagine  the  appearance  of  the  hippocampus 
which  has  l)eeu  *  unrolled,'  and  in  which,  at  the  same  time,  the 
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fimbria  had  moved  to  its  primitive  position  at  the  exact  margin 
of  the  cortex,  i.e.,  alongside  the  fascia  dentata.  The  result  of 
such  a  simplification  is  represented  schematically  in  figure  2'. 
The  extent  of  the  real  or  morphological  surface  of  the  hippo- 
campus is  thus  graphically  demonstrated.  This  figure  also 
shows  the  original  position  of  that  part  of  the  deep  surface  of 
the  hippocampus  {A')  which,  in  the  process  of  inrolling  of  the 
hippocampus,  becomes  pushed  beyond  the  fimbria  (/),  and  thus 
comes  to  lie  upon  the  surface  of  the  hemisphere  outside  the 
ventricle  (fig.  2,  a).  This  part  (a)  of  the  hippocampus  is 
obviously  inverted. 

In  figure  2  no  part  of  the  morpholc^ical  surface  of  the 
hippocampus  proper  (tig.  2',  hh)  actually  forms  part  of  the 
surface  of  the  brain.     This  hippocampal  surface  is  quite  hidden 
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Fig.  2^ — A  scheme  to  represent  such  a  hippocampus  as  that  shown  in  Fig.  2  after 
being  nnroUed,  and  with  the  fimbria  in  its  primitive  position. 

from  view  in  the  depths  of  the  hippocampal  fissure,  and  hence 
may  be  known  as  the  *  submerged  hippocamjyiLs! 

In   the  brains  of  most  mammals  a  verv  definite  band  of 

*  inverted  hippocampus'  covered  ¥rtth  extra- ventricular  alveus, 
separates  the  fascia  dentata  from  the  fimbria.  But  in  the 
human  brain  the  fascia  dentata  (fig.  1, «{)  is  in  close  proximity 
to  the  fimbria  (/)  in  the  greater  part  of  its  extent.  In  fact,  if 
the  hippocampus  (kh)  of  figure  2'  could  be  imagined  wrapped 
around  the  fascia  dentata  (dd),  so  that  the  pallium  (g)  were  in 
close  proximity  to  the  fimbria  (/),  an  appearance  not  unlike  that 
actually  found  in  the  brain  of  man  would  be  the  result  But 
alongside  each  extremity  of  the  fascia  dentata  the  inverted 
hippocampus  becomes  apparent.  At  the  temporal  end  it  appears 
as  a  large  rounded  knob  (fig.  1,  a'),  which  forms  the  apex  of  the 

*  uncus.'     It  is  covered   by  only  a  very  thin  layer  of  extra- 
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yentricnlar  alveuB,  so  that  it  requires  a  careful  examination  to 
distinguish  it  from  the  neighbouring  cortical  area&  Setzius 
calls  this  fragment  of  inserted  cortex  the  'gyms  ifUralimbicuM.* 
The  fascia  dentata  {d')  which  separates  this  boss  of  inverted 
cortex  from  the  pyriform  lobe  (r)  is  very  much  reduced  in  size, 
and  has  been  called  '  benderdla  deW  uncfits  ddV  hippocampo '  by 
Giacomini  (1882).  Thus  the  structure  known  as  'uncus'  in 
human  anatomy  consists  of  three  distinct  varieties  of  cortex :  (a') 
inverted  hippocampus,  which  Retzius  calls  '  gyrus  intralimbi- 
cus,'  ((T)  fascia  dentata,  and  (r)  pyriform  lobe.  The  appearance 
of  a  horizontal  section  through  this  r^on  is  not  unlike  that 
represented  in  figure  2. 

In  the  interval  between  the  upper  extremity  of  the  fascia 
dentata  (fig.  1,  ^")  and  the  splenium  (3),  the  inverted  hippo- 
campus again  makes  its  appearance  (a")  as  a  fusiform  band. 
Setzius  also  elevates  this  little  fragment  of  inverted  cortex  to 
the  dignity  of  a  *  gyrus/  with  the  distinguishing  name  'fasdo- 
IvriAl  Zuckerkandl  (Ueber  d.  Riechcentrum,  1887)  calls  it 
'Cauda  Comu  Animonis'  and  Giacomini  describes  it  as  the 
' Emvienza  deUa  fasdola'  the  'fasciola'  being  the  tapering 
upper  extremity  {d!')  of  the  fascia  dentata.  (*  Fascia  dentata 
della  graude  hippocampo,'  G^iinnudi  d.  Reg.  Accad.  d.  Med.  d. 
Turiiw,  Nov.-Dec.  1883.) 

In  man,  then,  while  the  margin  of  the  hemisphere  is  fringed 
from  temporal  pole  to  lanuna  terminalis  by  fimbria,  the  margin 
of  the  cortex  is  fringed  with  hippocampus  in  the  smaller  part  of 
its  extent,  from  the  temporal  pole  to  the  posterior  surface  of  the 
splenium.  It  is  therefore  evident  that  the  apparent  upper 
extremity  of  the  hippocampus  in  man  (fig.  1,  a'  </") is  separated 
from  the  lamina  terminahs  (/')  by  a  very  considerable  interval. 

In  most  mammals  the  corpus  caUosum  is  a  very  much  smaller 
and  shorter  structure,  both  absolutely  and  relatively,  than  it  is 
in  man;  and  with  this  shortening,  the  splenium  is  flaeed 
relatively  much  further  forward  in  the  hemisphere.  In  spit^  of 
this  altered  position  of  the  splenium,  the  apparent  upper 
extremity  of  the  hippocampus  in  most  mammals  presents 
essentially  the  same  relation  to  the  splenium.  This  implies 
that  the  hippocampus  fringes  the  cereliral  cortex  in  a  relatively 
uuch  greater  part  of  its  extent  in  some  brains  than  in  otherH. 
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Iq  maoy  Eutheriau  brains  the  liippocampal  arc  extends  as  far 
forward  aa  the  lamina  terminaliB,  so  that  the  grey  matter  of  the 
hippocampus  becomes  directly  continuous  with  the  grey  matter 
which  thickens  the  dorsal  part  of  the  lamina  terminalis. 

In  the  cerebrum  of  a  marsupial  or  monotreme  the  true 
corpus  calloeum  is  wanting,  or,  to  apeak  more  accurately,  the 
more  dorsal  of  the  two  cerebral  commiasureB  is  purely  hippo- 
campal.  In  the  hemisphere  of  such  a  cerebrum  the  hippo- 
campal  arc  extends  forward  not  only  as  far  as  the  lamina 
terminalis,  but  even  still  further  forward. 

The  HippocAMPDS  m  MakSupials  and  Monotekmis. 
The  hemisphere  of   P}ui3colarctos,   whose   mesial  surface  has 
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the  surface  present  an  appearance  which  closely  resembles  that 
of  such  Eutherian  brains  as  the  rabbit,  cat,  or  sheep.  Thus 
three  concentric  bands  are  to  be  found  lying  in  front  of  the 
hippocampal  fissure — a  posterior  composed  of  fascia  dentata 
(d/T),  an  anterior  of  fimbria  (/),  a^nd  an  intermediate  (a)  of 
inverted  cortex^  covered  with  extra-ventricular  alveus.  If  a 
horizontal  section,  taken  at  the  level  of  the  ventral  commissure 
(v),  were  examined,  an  appearance  would  be  presented  which 
might  veiy  well  be  represented  by  figure  2. 

The  fimbria  (/)  sweeps  round  in  a  regular  curve  to  the  lamina 
terminalis,  just  as  it  does  in  any  other  mammalian  hemisphere. 
But  the  fascia  dentata  (d)  presents  a  similarly  regular  curve  in 
the  marsupial,  and  accompanies  the  fimbria  as  far  forward  as 
that  compact  band  of  fibres  goes.  Arrived  at  the  lamina  termi- 
nalis,  the  fimbria  ceases  to  exist  as  such,  and  becomes  split  up 
into  various  sets  of  fibres,  of  which  more  will  be  said  subsequently. 
One  of  these  sets  crosses  the  mesial  plane  in  the  thickened 
upper  extremity  of  the  lamina  terminalis,  and  thus  contributes 
to  the  formation  of  the  dorsal  or  hippocampal  commissure  (w). 

But  the  fascia  dentata  (d)  continues  its  forward  course  above 
the  dorsal  commissure,  and,  bending  downward  in  front,  may 
r^ily  be  traced  almost  as  far  as  the  olfactory  peduncle  (o'). 

In  discussing  the  constitution  of  the  hippocampus  (supra),  it 
was  mentioned,  as  a  general  law,  that  wherever  the  fascia 
dentata  appeared,  the  rest  of  the  hippocampal  formation  would 
certainly  be  found — ^it  may  be  sitimerged — at  its  peripheral 
border.  And  the  case  ui  point  is  no  exception  to  the  general 
rule.  For,  in  the  depths  of  the  hippocampal  fissure,  which 
forms  the  peripheral  limit  of  the  visible  part  of  the  fascia 
dentata,  an  equally  extensive  arc  of  svimerfjied  hippocampi/jf  will 
be  found  upon  examination. 

It  may  be  stated,  therefore,  that  the  cerebral  cortex  of  the 
marsupials  is  fringed  in  the  whole  of  its  extent  from  oUw^Ujty 
pedimcle  {cT)  in  front  to  the  temporal  pole  behind  and  below  by 
a  typical  hippocampal  formation. 

That  portion  of  the  hippocampal  arc  which  is  placed  behind  the 
region  of  the  lamina  terminahs  obviously  fonas  the  manrin  of 
the  cerebral  cortex,  just  as  the  fimbria  is  the  e<lge  of  tlje  whit^ 
matter.    The  fascia  dentata  is  the  real  e<1<fe  of  tlie  prrev  ifiatt#;r 
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because  the  more  centrally  situated  inveiied  cortex  ie  morpho- 
Ic^cally  a  part  of  the  more  peripherally  placed  hippocampus 
(sensi  stiictu).  In  the  anterior  or  precommiasural  portion  of  its 
extent,  the  hippocampiia  is  not  so  obvionsly  the  margin  of  the 
cortex.  In  fact,  anyone  who  merely  examined  the  surface  of 
the  hemisphere  would  say  that  the  hippocampus  is  placed 
lietween  two  cortical  areas  (j  and  p).  A  histological  examina- 
tion shows  us  that  the  area  p  corresponds  to  a  gatiglionic  mass 
— the  corpus  prfecommiaaKrale — which  cannot  be  regarded  as 
cortex  in  the  proper  sense,  and  therefore  the  hippocampus  in 
this  region  also  forms  the  margin  of  the  cerebral  cortex,  and 
separates  the  general  cortex  from  what  Burdach  would  call  the 
Kemgebiete.' 


n  Ech  iiijta,  exposrd  l)y 

In  the  anterior  portion  of  its  extent,  the  hippocampnl  arc  in 
the  hemisphere  of  the  monotreme  presents  relations  exactly 
analogous  to  those  just  described  in  the  marsupial  The 
disposition  of  this  region  in  Oruithnrhj/nchii»  I  have  already 
described  and  figured  in  this  Journal  (vol  xxx.  p.  470).  Figure 
4  hIiows  the  exactly  similar  general  features  presented  by  the 
brain  of  Echidna.  lu  both  luonotremes  the  precommissural 
part  of  the  hippocampnl  arc  is  developed  to  a  much  better 
extent  than  in  any  marsupial,  so  that  the  distinctive  features  of 
the  precommissural  region  stand  out  with  greater  prominence  in 
the  representatives  of  this  order.  A  coronal  section  which 
passes   just  in   front   of    Ihc   commissures  in  Oi?iithorJtynchus 
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shows  (fig.  5)  a  very  well  developed  hippocampus  (hA),  with  a 
wetlfoimed  and  extensive  fascia  dentata  ('0-  This  hippocampus 
(onus  8  component  part  of  the  mesial  wall  of  the  hemisphere- 


7io.  5.  — Porlioa  of  a  coronsl  section  of  the  hemUphere  of  OntitKorhtfudua,  jtut 
in  front  of  the  commissures.  Stained  in  same  manner  a«  tbe  aection  repn- 
aented  in  Fig.  2. 

Its  dorsal  edge  becomes  directly  continuoos  with  a  region  which 
presents  all  the  characters  which  are  Teeoguised  as  distint^tive 
uf  typical  cortex  or  pallium  (^).  Thus  it  presents  a  gradnalMl 
series  of  pyramidal  cells  of  characteristic  eha^,  npnttttrfil 
VOL  XXXII.  (N.a  VOL.  xn.)  t 
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throughout  the  thickness  of  the  wall,  the  smaller  pyramids 
being,  as  a  general  rule,  more  superficially,  the  larger  more 
deeply  situated ;  and  it  possesses  a  very  definite  layer  of 
meduUated  fibres  which  cover  its  ventricular  aspect  (e). 

The  portion  of  the  mesial  wall  of  the  ventricle  (p)  which  is 
in  direct  continuity  with  the  ventral  margin  of  the  hippo- 
campus presents  features  which  form  a  striking  contrast  to 
those  of  a  cortical  structure.  Thus,  there  is  no  ventricular 
covering  of  meduUated  fibrea  On  the  contrary,  the  ventricular 
surface  of  the  precommissural  body  {p )  is  quite  free  from  nerve 
fibres,  and  the  only  compact  collection  of  nerve  fibres  in  the 
region  is  found  quite  close  to  the  mesial  surface.  The  nerve 
cells  which  occur  in  this  mass  of  grey  matter  are  quite  unlike 
those  found  in  the  general  cortex,  and  are  not  arranged  in  that 
definite  and  characteristic  manner  which  is  distinctive  of  the 
cortex.  On  the  contrary,  stellate  and  fusiform  cells  of  moder- 
ately large  dimensions  are  scattered,  apparently  indiscriminately, 
throughout  the  region,  and  their  axis-cylinder  processes,  instead 
of  proceeding  in  the  direction  of  the  ventricle,  usually  pursue  a 
course  towards  the  surface. 

The  precommissural  body  consists  of  a  thick  vertical  ganglionic 
wall,  which  extends  backward  on  each  side  from  the  olfactory 
peduncle  to  the  lamina  terminalis,  which  links  together  the  two 
posterior  extremities  of  the  precommissural  bodies.  It  presents 
the  same  uniform  features  in  all  vertebrates,  but  is  relatively 
much  more  massive  in  reptiles,  and  especially  in  amphibia.  In 
the  developing  mammalian  brain  it  presents  a  similar  massive 
appearance  early  in  development,  but  becomes  thrown  into 
obscurity  by  the  subsequent  enormous  development  of  the  sur- 
rounding cortical  structures. 

As  a  matrix  for  fibres  of  the  fornix,  as  well  as  a  place  of 
origin  of  many  others,  it  is  of  great  importance  in  the  study  of 
the  fornix  system. 

The  Fornix  in  Ornithorhynchus. 

In  the  marsupial  and  monotreme,  the  system  of  fibres  con- 
nected with  the  hippocampal  arc  form  a  system  which  remains 
quite  distinct  from  and  unmixed  with  the  fibre  systems  of  the 
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rest  of  the  cortex.  In  other  words,  the  series  of  fibres  which 
spring  from  the  hippocampal  arc  (fig.  3,  d.d.d)  proceed  down- 
ward in  the  concavity  of  the  arc  and  remain  isolated,  because 
the  fibres  connected  with  the  pallium  (g)  proceed  upward,  t.«., 
away  from  the  hippocampal  arc.  This  statement  will  be  more 
intelligible  after  studying  fig.  5,  in  which  the  hippocampal 
system  or  alveus  (^)  is  quite  distinct  from  and  unmixed  with 
the  general  medullary  matter  or  corona  radiata  (e). 

It  will  be  evident  from  the  subsequent  descriptions  that  in 
the  Eutherian  hemisphere  the  fornix  or  hippocampal  system 
becomes  intermingled  with  pallial  fibres,  and  confused  in 
other  ways.  Hence  there  is  a  great  advantage  in  studying 
this  system  in  the  monotreme  or  marsupial  where  it  is  isolated 
and  free  from  other  disturbing  elements,  which  will  be  discussed 
subsequently. 

It  is  advisable,  in  the  first  place,  to  gain  a  clear  idea  of  the 
fornix  in  its  unmixed  and  simple  condition.  Then  the  influences 
which  modify  the  hippocampal  arc  may  be  discussed,  after 
which  it  will  be  a  relatively  simple  matter  to  appreciate  the 
modifications  of  the  fornix  which  follow  these  disturbances. 

Behind  the  region  of  the  lamina  terminalis,  the  fornix  (fig.  3, 
/)  could  not  be  simpler.  All  the  fibres  coming  from  or  going 
to  the  extensive  post-commissural  part  of  the  hippocampal  arc 
are  collected  into  a  simple  compact  strand  of  fibres — the  fimbria 
(/y  But  in  the  precommissural  region,  where  aU  the  various 
constituents  of  this  compact  strand  become  separated  one  from 
another,  a  considerable  degree  of  complexity  is  introduced.  This 
region  is  best  studied  in  the  monotreme,  because  the  hippo- 
campal or  dorsal  commissure  is  a  simple  bundle,  and  the  anterior 
part  of  the  hippocampal  arc  is  better  developed  than  in  most 
marsupials.  Fig.  6  represents  a  sagittal  section  through  the 
commissural  and  precommissural  regions  in  OrnUhorhyncJms,  in 
which  all  the  constituents  of  the  fornix  ai-e  extremely  clearly 
demonstrated. 

In  this  figure,  v  represents  the  ventral  commissure,  x  the  optic 
tract,  10  the  large  group  of  scattered  bundles  of  the  hippocampal 
commissure,  d  the  fascia  dentata,  t  the  cortex  of  the  tuberculum 
olfadorium,  and  p  the  precommissural  area,  which  is  the  surface 
of  the  precommissural  body.     From  these  landmarks  and  by 
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compEirison  with  Ggs.  3  and  4  (or  this  Journal,  vol.  xxx.  p. 
470),  it  will  be  easy  to  locate  this  section. 

The  constituents  of  the  fornix  in  OmUhorkywihus  may  be 
conveniently  divided  into  a  number  of  groups. 

a.  Fibres  collect  from  all  parts  of  the  hippocampa)  arc  to  cross 
the  median  plane  in  the  thickened  upper  extremity  of  the  lamina 
terminalis.     In  the  Monotremes  (fig.  6,  w)  these  crossing  fibres 


F[0.  6.— Suittal  section  of  the  comTaiseural  and  precommiiBural  reftiona  of  the 
hemisphere  of  Omithorhynehus.  Weigeri  atain.  Section  ptusea  qnite  close 
to  the  mesial  pUne. 

form  a  series  of  scattered  bundles,  disposed  apparently  irregu- 
larly. In  Phascolarclos  there  is  very  little  more  attempt  at  a 
definite  arrangement.  But  in  most  Marsupials  a  definitely 
crescentic  or  bilamiuar  shape  is  assumed  by  the  dorsal  com- 
missure. 

j8.  The  columna  fomids  {Fascieidus po^ccmntissuTaiJs). — Fibres 
(?)  collect  from  all  parts  of  the  hippocampal  arc  in  the  region 
immediately  above  the  ventral  commissure  {c),  and  then  proceed 
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backward  and  downward,  closely  applied  to  the  ventral  commifl- 
sare.  They  then  enter  the  thalamic  r^on,  and  proceed  toward 
the  corpus  mammillare.  Of  coarse,  the  majority  of  these  fibres 
come  np  in  the  fimbria  from  the  more  caudally  placed  parts  of 
the  hippocampal  arc.  When  the  commissoral  fibres  enter  the 
lamina  terminalis,  the  fibres  of  the  columna  fomicis  extend 
forward  in  front  of  them  (fig.  6,  £),  and  hence  the  latter  have 
often  been  supposed  to  be  continuations  of  the  former.  But  a 
considerable  number  of  fibres  belonging  to  this  series  arise  from 
the  precommissural  region  of  the  hippocampus,  and  as  they 
proceed  through  the  precommissural  body  (p)  they  curve 
upwards  so  as  to  skirt  around  the  large  ventral  commissure- 
These  fibres  may  readily  be  distinguished  in  the  figure  proceed- 
ing through  the  precommissural  body  in  large  bundles,  which 
converge  above  and  behind  the  ventral  commissure  (2).  Here 
the  fibres  of  the  columna  (2)  appear  to  intermingle  with  those 
of  the  stria  medidlaris  thalami  (6)  which  are  ascending  to  the 
ganglion  habenulse  (b).  There  is  here  an  actual  interchange  of 
fibres  between  the  columna  fomicis  and  the  stria  meduUaris 
(am),  such  as  Lotheissen  and  Koelliker  have  described  in 
mammals,  and  Edinger  in  reptiles. 

In  Omithorhj/Tichits  some  fibres  of  the  columna  fornicis  {J") 
which  spring  from  the  extreme  anterior  end  of  the  hippocampal 
arc  proceed  to  their  destination  below  the  ventral  commissure, 
instead  of  above  that  commissure,  like  the  great  bulk  of  the 
columna  fomicis  {2),  I  have  not  noticed  any  fibres  which 
indubitably  belong  to  the  columna  fomicis  following  such  a 
coarse  in  any  other  brain. 

y.  The  Fasdcidus  prcecommissuralis. — A  large,  scattered,  and 
heterc^neous  group  of  uncrossed  fibres  of  the  fornix  system 
pursue  their  course  to  the  base  of  the  hemisphere,  or  vice  versa,  in 
front  of  the  ventral  commissure,  and  therefore  may  well  be 
distinguished  as  precommissural  The  fibres  which  compose 
this  fasciculus  (3)  occupy  a  more  superficial  position  in  the 
precommissural  body  than  any  other  fibres,  and  may  be  dis- 
tinctly seen  crossing  over  the  fibres  of  the  columna  fornicis  (2). 
It  is  the  homologue  of  this  precommissural  bundle  which 
whitens  the  greater  part  of  the  mesial  wall  of  a  bird's  cerebral 
hemisphere,  although  other  more  deeply  situated  fibres,  corre- 
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spending  to  the  columna  fomicis,  also  contribute  in  a  smaller 
degree  to  this  result. 

The  faseundus  prcecommissti/ralis  undoubtedly  contains  fibres  of 
very  varied  significance,  and  of  equally  varied  destination.  But 
the  most  obvious  constituent  is  a  large  series  of  fibres  (3) 
collected  from  (or  proceeding  to)  all  parts  of  the  hippocampus, 
which  congregate  in  the  precommissural  area  between  the 
ventral  commissure  (v)  and  the  mesial  cortex  of  the  tuberculum 
olfactorium  (t\  and  extend  as  a  compact  bundle  on  to  the  basal 
aspect  of  the  brain,  immediately  in  front  of  the  optic  chiasma 
(x).  In  this  Journal  (vol.  xxx.  p.  480)  I  have  called  this 
bundle  the  hippocampo-bascd  association  bundle.  It  will  be 
considered  subsequently,  when  the  Eutherian  fornix  is  being 
discussed. 

There  is  a  scattered  group  of  fine  fibres  (4)  extending  from  the 
precommissural  body  into  the  hypothalamus,  where  they  become 
widely  scattered.  Their  connections  are  quite  unknown.  Then 
there  is  a  third  large  series  of  fibres  which  connect  the  pre- 
commissural body  with  the  deep  surface  of  the  cortex  of  the 
tuberculum  olfactorium  (t).  These  fibres  (which  are  not  shown 
in  the  figure)  are  probably  of  great  physiological  significance  as 
a  path  for  olfactory  impulses  to  the  hippocampus. 

S.  Fasciculus  ituirginalis. — There  is  yet  a  fourth  set  of  fibres 
which  enters  into  the  constitution  of  the  fornix.  At  the  ventral 
margin  of  the  hippocampus,  i.e.,  along  the  line  of  junction  of 
precommissural  body  (p)  and  fascia  dentata  {d),  a  very  distinct 
bundle  of  fibres  (5)  is  to  be  found  in  ChniithorhynchiiSy  Echidna, 
MacTopm,  and  probably  in  all  monotremes  and  marsupials.  It 
can  be  distinctly  traced  in  front  and  below  to  the  region  of  the 
olfactory  peduncle  {p'\  from  which  it  seems  to  proceed.  As  it  is 
traced  upwards  it  will  be  found  to  give  off  a  regular  series  of 
meduUated  fibres  (5'),  which  extend  obliquely  upwards  and 
forwards  in  the  molecular  or  superficial  layer  of  the  fascia 
dentata  {dA\  When  the  bundle  reaches  the  region  of  the 
lamina  torminalis  it  extends  on  to  the  dorsal  aspect  of  the 
hippocampal  commissure,  and  appears  to  proceed  still  further 
back  to  more  distant  parts  of  the  hippocampus.  It  always 
presents  the  same  relation  to  the  fascia  dentata  as  it  does  in  the 
precommissural  region  (fig.  5).     I  have  on  several  occasions  in 
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this  Joumai  called  attention  to  this  important  fibre-tract  under 
the  name  of  ' clfudoTy  bundle  of  the  fascia  dentata'  For  this 
cnmbersome  designation  I  substitnte  the  more  convenient  name 
fojaeiculus  marginalis. 

The  Chang]»  in  the  Hippocampus  and  Fornix  in  Eutheria. 

In  the  Eutherian  brain  the  simplicity  and  uniformity  of  the 
hippocampal  arc,  and  the  isolation  of  the  fornix-system  springing 
from  it,  become  disturbed  by  the  invasion  of  the  anterior  portion 
of  the  hippocampal  arc  by  commissural  fibres  from  the  general 
cortex  or  pallium  which  mingle  with  the  commissural  fibres  of 
the  fornix.  In  the  marsupial,  all  the  commissural  fibres  of  the 
pallium  pass  through  the  ventral  commissure,  thus  leaving  the 
hippocampus  and  its  commissure  undisturbed.  But  in  the 
higher  type  of  mammal,  some  of  the  commissural  fibres  of  the 
pallium  cross  the  median  plane  along  with  the  hippocampal 
commissure,  and  in  order  to  do  so  they  traverse  the  alveus  of 
the  hippocampus.  The  meaning  of  this  statement  will  be 
evident  if  one  were  to  imagine  some  of  the  fibres  marked  e  in 
figure  5  passing  along  with  the  fibres  A  instead  of  in  the 
opposite  direction,  which  they  pursue  in  the  figure.  This  may  be 
expressed  in  another  way  by  saying  that  the  dorsal  commissure 
extends  its  area  of  origin  from  the  hippocampal  arc  to  a  neigh- 
bouring area  of  cortex  or  pallium  (^)  which  lies  above  the 
anterior  part  of  the  hippocampus. 

In  this  way  the  first  confusing  element  is  introduced.  The 
donal  commissure,  instead  of  being  now  purely  hippocampal, 
is  now  a  mixture  of  pallial  and  hippocampal  fibres,  the  pallial 
fibres  occupying  the  anterior  position,  the  hippocampal  the 
posterior  position  in  the  commissure. 

The  part  of  the  hippocampus  which  is  invaded  by  the  pallial 
fibres  undergoes  a  series  of  degenerative  changes,  and,  as  a 
result,  the  whole  of  the  hippocampal  arc  which  lies  in  front  of 
the  lamina  terminalis  becomes  reduced  to  a  mere  vestige.  But, 
80  far,  the  regular  curve  of  the  hippocampal  arc  has  not  been 
disturbed  (fig.  7).  The  hippocampus  extends  up  as  far  as  the 
lamina  terminalis,  and  is  continued  forward  above  the  rudi- 
mentary corpus  callosum  as  a  mere  vestige  (7t"),  but  this  vestige 
1^  first  forms  part  of  the  same  regular  arc  as  the  posterior  part 
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of  the  hippocampus.  This  is  the  state  of  afifairs  which  exists 
in  certain  bats,  of  which  Nydopkilus  is  an  example.  But  the 
continued  crowding  into  the  dorsal  commissure  of  new  pallial 
fibres  causes  a  rapid  increase  in  the  size  of  the  *  corpus  callosum ' 
as  the  pallial  factor  is  generally  known.  This  increased  size 
manifests  itself  mainly  in  an  increased  length  of  the  commissure, 
possibly  because  such  an  elongation  provides  a  shorter  course 
for  commissural  fibres  connected  with  the  more  anterior  and 
posterior  parts  of  the  hemisphere. 

The  forward  extension  of  the  pallial  commissure  (fig.  7,  c) 
from  the  dorsal  extremity  of  the  lamina  terminalis  roofs  in  the 
postero-superior  angle  of  the  precommissural  body.  In  this 
way  a  small  recess  is  formed,  having  lamina  terminalis  for  its 
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Fig.  7. 

Fig.  7. — Scheme  to  show  the  relation  of  a  piiiuitive  tyi>e  of  corpus  callosum  to  the 
hippocampus.     The  degenerated  part  of  the  hippocampal  arc  is  shaded  {h"). 

Figs.  8,  9,  10,  11,  12,  18. — Schemata  explained  in  text. 

posterior  wall,  the  upper  part  of  the  two  precommissural  bodies 
for  its  lateral  walls,  and  the  corpus  callosum  for  its  roof.  This 
recess  is  the  caowm  septi^  and  its  lateral  walls  are  the  laminae 
septi  pMuddi. 

If  the  corpus  callosum  be  studied  in  the  course  of  its  develop- 
ment in  any  of  the  higher  mammals,  it  will  be  found  to  change 
its  position  considerably  in  relation  to  certain  fixed  or  relatively 
fixed  points.  Thus,  at  its  first  appearance  it  is  placed  imme- 
diately upon  the  dorsal  side  of  the  ventral  or  anterior  com- 
missure, and  is  indistinguishable  from  the  hippocampal  com- 
missure with  which  it  is  combined.  But  in  the  adult,  not  only 
has  the  corpus  callosum  increased  in  length,  but  it  has  also  been 
raised  a  considerable  distance  above  the  anterior  commissure. 
It  may  be  that  the  expanding  dorsal  regions  of   the  pallium 
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exert  some  traction  upon  the  commissural  fibres  which  bind 
diem  together,  and  thus  tend  to  raise  them  also. 

Thus  we  find  the  pallial  element  (c)  in  the  dorsal  commissure 
exposed  to  the  elongating  forces  a  and  j8  (fig.  8),  and  to  some 
elevating  infiueuce  (y ).  At  the  same  time,  the  main  bulk  of  the 
hippocampal  element  (w)  is  not  only  not  exposed  to  such 
influences  but  is  also  possibly  held  in  position  by  the 
fimbria  (/). 

The  result  is,  that  the  corpus  callosum  becomes  elongated 
and  raised  (fig.  9),  while  the  main  part  of  the  hippocampal  com- 
missure (w)  does  not  alter  its  position,  although  part  of  it 


Fig.  10. 

Fig.  10. — Schemata  to  iudicate  the  ivlatiun  of  the  corpus  callosum  to  the  hippo- 
campus (h,  k")  and  the  effect  prodnced  by  the  former  aa  it  grows  above  the 
roof  of  the  forebraio  {R)  in  indenting  the  hippocampal  arc  and  stretching 
the  precommissnral  body  {p^  p'). 

l)ecomes  extended  and   drawn   up  {w')  by  the  growing   corpus 
caUoBum. 

In  its  backward  growth  the  corpus  callosum  meets  with  an 
obstruction  in  the  shape  of  the  undegenerated  part  of  the  hippo- 
campal arc,  which  reaches  as  far  forward  as  the  lamina  termi- 
nalis  (fig.  7,  A).  To  overcome  this  obstacle  the  growing  com- 
missure extends  obliquely  upward  and  backward  above  the 
undegenerated  part  of  the  hippocampus  (fig.  10,  h).  In  doing  so, 
it  stretches  and  carries  with  it  the  vestigial  remains  of  the 
hippocampus  {h")  which  clothe  its  dorsal  surface.  The  postero- 
superior  part  of  the  precommissural  body  (p'),  which  has  become 
roofed  by  the  corpus  callosum,  and  which  fills  up  the  interval 
between  the  latter  and  the  hippocampal  commissure  {w  wf\  now 
forms  a  leaf  of  the  septum  pellucidum,  and  has  also  been  carried 
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back  by  the  growing  commissure  to  occupy  a  position  upon  the 
dorsal  side  of  the  undegenerated  part  of  the  hippocampua^ 

Since  the  corpus  callosum  develops  and  extends  vjithin  the 
concavity  of  the  hippocampal  arc,  it  must  profoundly  affect  the 
arrangement  of  this  arc,  and  disturb  its  relations  to  the  pre- 
commissural body  and  lamina  terminalis. 

According  to  the  relation  of  the  hippocampus  to  the  lamina 

terminalis,  all  mammals  and  vertebrates 
possessing  a  hippocampus  may  be  shown 
to  conform  to  one  of  three  types,  which  are 
systematically  demonstrated  in  the  figures 
11,  12,  and  13. 

First  type  (fig.  11). — The  hippocampus  {h 
h"  A'")  extends  forward  in  each  hemisphere 
above  and  beyond  the  thickened  lamina 
terminalis  (/),  and  the  grey  matter  of  the 
two  structures  become  continuous.  Found 
in  certain  cheiroptera,  all  marsupials,  mono- 
tremes,  sauropsida,  and  amphibia. 

Second  type  (fig.  12). — The  hippocampal 
arc  Qi)  extends  to  the  lamina  terminalis  (I), 
but  in  front  of  this  point  it  is  degenerated. 
Its  precommissural  part  (A'")  retains  its 
primitive  relation  to  the  precommissural 
Three  schemata  to    body  unchanged.     But  the  intermediate  part 


of  the  hippocampal  arc  (A")  has  been  pushed 


show  the  vaiying  re 
lation  of  the  hippo- 
campus (A,  A",  K")    upwards  by  the  corpus  callosum,  and,  since 

J^ali8l;z*r)"and^e-    i*^^    two    ends    are    fixed,    it    has    become 
commissural    body    stretched  and  indented  to  a  varying  extent. 

(p,  ff)  ill  diflferent  mu-       i.  -      £        j     -  ^  ^ 

groups  of  mammals.        This   type  IS  found   m  a   large   number 

of    mammals,    of    which    the    rabbit    and 
hedgehog  are  examples. 

Third  type  (fig.  13). — This  type  differs  from  the  second 
merely  in  the  fact  that  the  larger  corpus  callosum  has  carried 
back  the  '  hippocampal  flexure '  (A),  so  that  the  undegenerated 

^  In  a  recent  memoir  I  have  discussed  certain  aspects  of  this  qaostion  more 
folly  (•*  The  Origin  of  the  Corpus  Callosum  :  a  comparatire  study  of  the  Hippo- 
campal  Region  of  the  Cerehrum  of  Marsupialia  and  certain  Cheiroptera,"  Transae- 
tions  of  the  Linnean  Society  of  London,  vol.  vii.  pt.  8,  2nd  series,  *  Zoology/ 
pp,  47-69,  plates  15  and  16,  June  1897). 
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bippocampiu  does  not  reach  aa  far  forward  aa  the  lamina 
terminalis  {I').  But  a  derivative  of  the  lamina  terminalis  has 
been  carried  backward  {I")  to  form  the  floor  of  the  oavum 
aepti.  This  lamina  (I")  also  serves  as  a  matrix  for  scattered 
fibres  of  t^e  hippocampal  commissare,  under  the  names  pxU- 
Urium  and  lyra.  This  artangemeut  of  the  hippocampal  com- 
nuBBore  in  a  broad  lamina  is  well  known, — e.g.,  in  the  human 
biain. 

Tbia  type  is  found  in  the  more  highly  developed  mammalian 
braina 

The  distinction  between  the  first  (fig.  14)  and  second  (&g.  16) 


Fh;.  H.— Coronal  96 
t 

types  will  be  rendered  clearer   by  the  examination  of  coronal 
sectiona 

A  coronal  section  passing  through  the  two  cerebral  coni- 
missans  of  Perameles  (fig.  4)  shows  the  typical  arrangement  of 
tbe  commissures,  and  their  relations  to  surrounding  parts  in  a 
MarsnpisL  Both  commissureg — ventral  {v}  and  dorsal  (w) — 
are  contained  in  the  thickened  lamina  terminalis,  a  thin  film  (i) 
(^  which  is  often  visible  upon  the  upper  surface  of  the  dorsal  or 
hippocampal  commissure.  This  film  (t)  of  grey  matter  I  have 
distingnisbed  by  the  name  indudum  verum  {A-natomischer 
Awmger,  Bd.  xiii.  p.  24).  Upon  each  side  the  hippocampus  (h) 
rests  upon  its  commissure ;  and  it  is  obvious  that  the  matrix  of 
this  eommiseure,  which  consists  of  the  thickened  lamina  termi- 
nalis, must  be  in  direct  continuity  with  the  hippocampus  in  each 
hemiet^i^-    1^  ^  ^^^  reason  why  the  bippocamptis  ha^  been 
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represented  in   fig.  11  {h")  resting  wpon  the  thickened  lamina 
terminalis  (/). 

Fig.  15  represente  a  acheme  of  a  corresponding  section  throt^h 
3  brain  of  the  second  type  (fig.  12),  and  fig,  16  is  a  scheme  to 
indicate  the  plane  in  which  the  section  has  been  made.  The 
main  mass  of  the  hippocampal  commissure  (ic)  occupies  the 
same  position  as  in  the  Marsupial  (fig.  14).  The  hippocampUB 
(A)  is  placed  upon  the  dorsal  aspect  of  its  commissure,  just  as 
it  is  in  the  Marsupial,  but  it  presents  a  different  appearance, 
because  the  section  passes  through  the  hippocampai  jkxure, — i.e., 
through  the  hippocampus  where  it  is  bending  back  to  join  the 
vestigial   hippocampus  which  covers  the  corpus  callosum  (c). 


Fio,  16.— ExpUins  the  plane  of  the  Bection  shown  in  Fig.  15. 

The  corpus  callosum  (c)  is  situated  in  this  section  upon  the 
dorsal  aspect  of  the  hippocampus,  and  carries  upon  its  dorsal 
surface  the  vestigial  remains  of  part  of  the  hippocampal  arc 

The  general  nature  of  the  disturbing  influence  of  the  corpus 
callosum,  and  the  manner  in  which  it  aftt;cts  the  hippocampal 
arc,  has  now  been  briefly  reviewed. 

A  brief  description  of  certain  specific  examples  of  widely 
different  Eutherian  brains  will  help  to  complete  the  picture 
of  the  evolution  of  the  hippocampal  arc,  and  will,  at  the  same 
time,  show  the  effect  of  this  evolution  upon  the  fornix. 

The  hedgehog  {Erhubcim)  affords  a  very  instructive  example 
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of  the  second  type  of  brain  to  which  reference  has  been  made 
abuve.  It  possesaes  a  small,  very  obliquely  placed  corpus 
calloeam  (figs.  17  and  18),  which  has  produced  a  minimal 
amount  of  disturbance  of  the  hippocampal  arc.  In  fig.  18  the 
poeitioa  which  the  anterior  part  of  the  hippocampal  arc  would 
occDpy  in  a  mareupial  brain  is  indicated  by  dotted  lines  (h"). 
By  comparing  this  original  position  of  the  arc  with  its  vestiges 
(A"),  it  is  evident  that  only  a  small  segment  of  the  arc  has 
degenerated,  and  been  pushed  upward  by  the  corpus  callosum. 


Tio.  17.— Sagittal  Mction  through  commiaauras  &ikI  neighbouring 

Ktmctures  in  Brinaeeut.     Weigerl  stain. 
Pig.  19. — Mesial  surface — bemisphere  of  Eritiaeeits. 

The  main  mass  of  the  hippocampal  or  fornix  commissure  (fig. 
17,  tr)  retains  its  original  position  unchanged,  but  a  fairly  strong 
bridge  of  transversely  cut  commissural  fibres  (v/)  still  connect  it 
with  the  splenium  (s)  of  the  corpus  callosum  (c). 

If  the  fascia  dentata  (fig.  18,  d)  be  traced  forward,  it  will  be 
found  to  extend  right  up  to  the  posterior  surface  of  this  wall 
of  commissural  fibres  {w'),  and  then  take  a  sudden  bend  upward 
and  backward  towards  the  splenium.  This  is  the  suhspleniul 
hippocampai  Jlentre.    A  relatively  large  representative  of   the 
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vesti^al  hippocampus  may  be  traced  along  the  dorsal  aspect  of 
the  corpus  callosum  (A").  But  it  does  not  stop  there,  but  is 
continued  forward  along  the  line  of  separation  of  pallium  and 
precommissural  body  (A'")*  ^-^-j  ^^  ^^^  position  where  the  pre- 
commissural hippocampus  is  found  in  marsupials  and  mono- 
tremes. 

In  the  marsupial,  the  indusium  verum  (fig.  14,  i)  has  already 
been  noted,  joining  the  hippocampus  on  the  two  sides  of  the 
middle  line.  Similarly,  in  the  brain  with  a  corpus  callosum 
(fig.  15)  the  rudimentary  hippocampi  Qi")  on  either  side  of  the 
mesial  plane  are  joined  by  a  similar  true  indusium.  The  term 
indusium  ffriseum  is  generally  employed  to  indicate  the  grey 
film  composed  of  these  three  structures — the  two  rudimentary 


Fio.  19. — Coronal  section  through  spleniam  and  neighbouring  structures. 

Nyctophihis,     Carmine  stain. 
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hippocampi  and  the  mesial  grey  film.  I  have  introduced  the 
term  indusium  verum  to  distinguish  this  mesial  bond  from  the 
hippocampus  or  *  false  indusium.' 

The  relation  of  these  structures  is  extremely  well  shown  in 
a  coronal  section  (fig.  19)  through  the  splenium  (s)  of  the  dorsal 
commissure  of  a  small  bat  {NyctophUm  Timoriensis).  A  small, 
somewhat  flattened,  but  otherwise  perfectly  developed  hippo- 
campus (7t),  with  a  well-formed  if  simple  fascia  dentata  (rf),  is 
found  resting  upon  the  upper  surface  of  the  dorsal  commissure 
on  either  side  of  the  median  plane.  These  two  hippocampal 
formations  are  connected  with  one  another  by  a  thin  film  of 
grey  matter — the  indusium  verum  (^). 

If  one  were  to  imagine  a  hippocampus  like  that  shown  in 
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fig.  19,  bnt  in  which  the  fascia  dentata  had  become  reduced  to 
TE17  iosignificant  proportions,  or  had  entirely  vauiBhed,  he 
would  have  an  accurate  picture  of  the  state  of  the  vestige  of 
the  hippocampus  which  is  found  resting  upoa  the  dorsum  of  the 
corpus  callosum  of  the  hedgehc^.  But  the  pyramidal  cells  of 
the  hippocampus  which  remain  in'this  vestigial  hippocampus. 


both  in  supra-  and  pre-commissural  regions,  are  well-formed 
cells,  presenting  the  characteristic  appearance  of  pyramidal 
cells  of  the  hippocampus.  One  of  these  cells,  which  is  drawn 
from  acoronal  section  through  the  precommissural  hippocampal 
rudiment  in  Brijiaceus,  which  had  been  stained  according  to  the 
method   of   Golgi,  is  figured  here   (fig.   20>     It  is  a   typical 


48  DR  a.   ELLIOT  SBIITH. 

example  of  a  *  double-pyramid/  as  Eoelliker  calls  cells  which 
possess  a  large  basal  bunch  of  processes  {B)  in  addition  to  the 
long  apical  processes  which  extend  toward  the  surface. 

In  the  neighbourhood  of  the  splenium,  where  the  complicated 
and  fully  formed  hippocampus  gives  place  to  the  simple  flattened 
supracommissural  band  (without  any  fascia  dentata),  which 
represents  the  anterior  part  of  the  hippocampal  arc,  some 
interesting  transitional  features  make  their  appearance.  In  all 
mammals  which  possess  a  well-developed  corpus  callosum,  a 
small  projection  of  cortex  invariably  crops  out  behind  the  fascia 
dentata,  in  close  proximity  to  the  splenium.  It  is' visible  in  figs. 
17  and  18  (h').  Since  Anders  Eetzius  called  attention  to  it  in 
1856,  quite  a  literature  of  its  own  has  gathered  around  this 
unimportant  and  insignificant  little  body.  Zuckerkandl  (who 
called  it  the  Balkenvrindung),  Gustav  Retzius,  Sogner,  and 
Giacomini  have  contributed  most  to  the  description  of  this 
structure,  and  have  advanced  very  varied  theories  to  explain  it^ 
The  homology  of  this  so-called  BaJkenivindung  or  Gyrus  Andrea' 
Betziif  as  Gustav  Retzius  calls  it,  is  quite  clear,  and  the  mean- 
ing of  its  projection  in  the  splenial  region  is  also  easily  expli- 
cable. 

A  glance  at  fig.  21,  which  represents  a  sagittal  section  through 
the  splenium  and  subsplenial  hippocampal  flexure  of  the  rabbit, 
shows  the  nature  of  this  much  disputed  little  cortical  area. 
The  region  marked  h'  is  the  '  Balkenmndungy  and  it  is 
nothing  else  (at  any  rate  in  the  rabbit)  than  that  part  of  the 
hippocampus  which  elsewhere  is  submerged  coming  to  light 
again.  When  discussing  the  *  stibmerged  hippocampus  *  it  was 
remarked  that  writers  were  often  inclined  to  forget  the  existence 
of  this  part  of  the  hippocampus,  simply  because  it  is  hidden. 
This  is  a  case  in  point.  For,  now  the  *  s^ibmerged  hippocampus ' 
does  crop  out,  there  is  a  very  prolonged  discussion  as  to  the 
nature  of  the  strange  body.  Of  course,  when  this  outerop  of 
the  true  hippocampus  (A")  is  traced  in  the  caudal  direction,  it 
becomes  continuous  with  the  general  cortex  (g)  of  the  gyrus 
fornicatus.      In    comparing    the    so-called    *  BaJkenwindungen' 

*  Space  forbids  the  discussion  of  these  varied  views  in  this  place.  Statements 
of  them  will  be  found  in  full  in  the  recent  monograph  of  Gustav  Retzius  {Das 
Mefuehenhinif  1896)  and  in  the  laborious  memoir  of  Giacomini  {Fascia  dffUata 
del  grande  hippocampo),  Oiom.  d,  Reg.  Aecad,  di  Med,  di  Torino,  1883). 
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of  ditferent  animals,  writers  often  include  a  niixtm-e  of  hippo- 
campal  cortex  (A")  and  gyrus  foroicatua  (y)  of  one  animal  to 
compare  with  a  knob  of  pure  hippocampus  of  another.  ITiere 
can  be  no  question  of  the  correctness  of  the  view  of  Giacomini  that 


Flu.  2i.  —Portion  of  meuial  ijurfaco — braiu  of  est. 

it  is  a  '  dipeiukiizc  del  corno  di  Amnume.'  Why  does  it  crop 
out  in  this  situation,  and  nowhere  else  ?  This  little  piece  of 
exposed  hippocampnl  siirface  is  always  found  in  the  region  of 
the  splenium,  where  the  complexly  inrolled  hippocampus  is 
becbmiug  transformed  into  a  simple  Hattened  baud, — is,  in  fact. 
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becnmiDg  tinrolled.  The  iurolling  of  the  liippocaiupiis,  and 
Iheretore  the  hiding  of  the  'submei^ed  hippocampus.'  is  very 
closely  related  to  the  development  of  the  fascia  denbata.  It  is 
qnite  conceivable  that  the  rapid  diminution  of  the  dimensions 
of  ttie  fascia- den tata,  as  it  proceeds  around  the  splenium,  may  be 
a  factor  in  the  process  of  unrolling.  One  is  not  inclined  to 
attach  much  importance  to  any  mechanical  effect  the  backward 
growth  of  the  corpus  callosum  might  have  in  this  process. 

In  the  cat  {%.  22)  the  corpus  callosum  has  attained  consider- 
ably larger  dimeosiona  than  in  the  hedgehog,  and  has  carried 
back  the  upper  extremity  of  the  uudegenerated  hippocampus 
away  from  the  lamina  terminalis.  Thus,  it  conforms  to  the 
Uiinl  type  (^sHpra).     The  brain  of  the  cat  afibrds  au  excellent 


he  £1— Stgittal  section  of  cammissDies  tad  fornix  of  Midat.     Wei<jcH  sUin. 


example  of  the  manner  in  which  the  fascia  dentata  (d")  tapers 
as  it  proceeds  backward  from  the  hippocampal  flexure  upon 
the  uader  surface  of  splenium  (s).  In  front  ot  the  fascia 
<letitata  there  is  a  narrow  strip  ot  inverted  cortex  (a"),  similar  to 
that  which  occurs  in  the  analc^us  situation  in  the  human 
brain.  The  vestigial  hippocampus  (A"),  after  extending  over  the 
whole  length  of  the  corpus  callosum,  appears  in  front  of  the 
gwni  (c*).  The  dotted  line  Qi'")  representa  approximately  the 
situation  of  the  precommissural  vestige,  i.e.,  the  line  of  separa- 
tion of  the  precommissural  body  {p)  from  the  pallium  {g). 

The  two  parts  (/> and p)  ot  the  precommissural  body  are  now 
very  well  shown.  The  dorsal  pnrt  is  the  septum  pelhicidum  (p'). 
Tilt!  ventral  (/?)  corresiionds  roughly,  but  not  (.■.'lacily,  to  the  j,'/i'j'.s- 
ii-bmHoai'n  of  Zuckerkandl, 
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The  marmoset  Midm  provides  an  example  of  an  extreme  type 
of  development  of  the  corpus  callosum  in  a  brain  sufficiently 
small  for  accurate  histological  study.  The  relatively  enormous 
corpus  callosum  (tig.  23,  c'  cs)  is  still  placed  somewhat  obliquely. 
The  hippocampal  commissure  {w)  still  retains  its  original  place, 
but  is  now  reduced  to  very  small  proportions.  But  no  trace 
can  be  discovered  of  any  bridge  of  commissural  fibres  between 
the  hippocampal  commissure  {w)  and  the  splenium  (s)  of  the 
corpus  callosum.  Now  that  the  hippocampal  commissure  is 
reduced  to  such  small  proportions,  its  matrix  (indicated  in  out- 
line) of  grey  matter  is  very  evident,  and  to  it  the  roof  of  the 
forebrain  {E)  is  attached.  Beevor  failed  to  find  any  hippo- 
campal commissure  in  Hapale,  but  the  explanation  of  this  fact 
is  probably  because  he  looked  for  it  in  the  region  of  the 
splenium  {Philosophical  Transactions,  1891). 

The  Fornix  of  Eutueria. 

The  manner  in  which  the  fornix  is  disposed  in  the  hemisphere 
of  one  of  the  higher  mammals  will  be  more  intelligible  now 
that  the  plan  of  the  hippocampus  is  known. 

Two  things  must  be  constantly  borne  in  mind  in  this  connec- 
tion,— (1)  that  the  anterior  part  of  the  hippocampal  arc  is 
degenerate  and  dislocated ;  and  (2)  that  the  dislocating  factor 
the  corpus  callosum,  has  made  its  appearance  within  the  hippo- 
campal arc,  and  in  the  very  midst  of  the  iibres  of  the  fornix 
which  are  collecting  there  (compare  figs.  6  and  17). 

a.  Commissural  fibres  of  the  fornix. — The  disposition  of  the 
commissural  fibres  of  the  fornix  has  already  been  incidentally 
described  in  discussing  the  commissures. 

/S.  Columnafornids, — The  fibres  of  the  columna  fornicis  arise, 
in  all  probability,  as  axis-cylinder  processes  of  the  pyramidal 
cells  [douUe^jj/ramids]  in  all  parts  of  the  hippocampal  arc,  both 
undegene rated  and  vestigial.  The  vast  majority  of  its  fibres 
naturally  arise  from  the  extensive  undegenerated  posterior  part 
of  the  arc,  and  are  brought  up  to  the  septum  pellucidum  in  the 
fimbria.  After  the  commissural  fibres  from  the  fimbria  have 
bent  in  a  mesial  direction  to  cross  the  middle  hue  in  the  lamina 
terminalis  (figs.  17  and  23,  w),  the  non-crossing  fibres  continue 
their  foi*ward  course  in  the  precommissural  body.     In  this  way 
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they  appear,  in  sagittal  section,  to  spring  from  or  pass  between 
the  fibres  of  the  hippocampal  commissure  (fig.  17). 

In  addition  to  the  fibres  which  spring  from  the  posterior  part 
of  the  hippocampal  arc,  other  fibres  of  the  columna  fomicis 
(fig.  17,  J)  take  their  origin  from  the  hippocampal  flexure 
as  well  as  from  the  vestigial  remains  which  surround  the 
corpus  callosum  (A"),  and  are  placed  in  front  of  it  (A'")-  The 
origin  of  these  fibres  (which  are  well  known  as  the  stiHa  aiha 
Laiunm)  from  cells  in  the  so-called  indusium  griseum  has 
been  described  in  the  rabbit  and  mouse  by  S.  Eamon  y  Cajal 
{La.  Celluk,  tome  7).  They  may  also  be  demonstrated  in  the 
hedgehog,  springing  from  the  cells  of  the  precommissural  vestige 
of  the  hippocampus  {h'").  To  reach  the  precommissural  body  or 
septum  pellucidum  some  of  these  fibres  perforate  {i.e.,  pass 
between  the  fibres  of)  the  corpus  callosum,  others  extend  around 
the  genu  of  the  corpus  callosum  (fig.  23,  L).  When  they  reach 
the  precommissural  body  all  the  fibres  of  this  columna  fornicis(.^) 
behave  just  as  they  do  in  Omiihorhynchics  (fig.  6). 

y.  Fa»neuhis  prcecommissuralis, — If  the  precommissural  bundle 
(fig.  17,  3)  be  traced  upward,  the  great  majority  of  its  fibres  will 
be  found  to  bend  backward,  and  appeur  to  enter  the  hippo- 
campal commissure.  In  reality,  they  enter  the  fimbria,  just  like 
the  fibres  of  the  columna  fornicis,  and  are  there  indistinguish- 
able from  the  other  constituents  of  the  fimbrifi.  A  very 
distinct  group  of  these  precommissural  fibres  may  be  traced 
upward,  to  pass  around  the  genu  of  the  corpus  callosum  and 
enter  the  so-called  stria  alba  Landsii  (figs.  17  and  23,  L).  Others, 
again,  perforate  the  corpus  callosum,  to  reach  the  supracoin- 
inissural  vestige  of  the  hippocampus.  These  fibres  of  the 
columna  fomicis  eLiidfascwuhis prcecomynissin'aJis  are  called ^&?'aj 
perforanies  by  Koelliker,  who  believes  that  they  proceed  from 
the  gyrus  fomicatus. 

If  the  fibres  of  the  precommissural  bundle  be  traced  in  the 
ventral  direction,  they  will  be  found  to  behave  just  like  their 
homologues  in  Ornithorhynchus  (fig.  6). 

The  great  majority  of  them  (corresponding  to  the  hippocampo- 
^mjmI  associafioii  buTuUe  of  Ornithorhynchus)  extend  on  to  the 
ventral  aspect  of  the  brain,  immediately  in  front  of  the  optic 
tract.    Here   they  may  be   traced   for   a   variable  distance  in 
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the  lateral  direction  before  they  disappear.     For  convenience  of 
description,  this  may  be  called  the  tract  a. 

A  small  hypothalamic  bundle  of  fibres  (figs.  6  and  23,  i)  is 
present  in  all  the  brains  which  I  have  examined.  This  may  be 
called  the  tract  h.  In  all  brains  there  is  an  intimate  connec- 
tion between  the  medullary  matter  of  the  cortex  of  the  tuber- 
culum  olfactorium  {t)  and  the  fibres  of  the  precommissural 
body  ip),  which  Ganser  long  ago  described  in  the  mole. 
These  fibres  are  included  in  the  bundles  shown  in  figs.  14  and 
15  {f.p\    This  may  be  called  the  tract  c. 

The  fasciculus  prcecoinmisswralis  is  often  called  the  peduncidus 
septi  pellu'ddi^  because  most  of  its  fibres  appear  to  come  from 
the  septum  pellucidum.  It  is  also  equally  well  known  as  the 
peditncultus  corpons  ccdlosi,  because  it  derives  a  bundle  of  fibres 
from  the  stria  Lancisii  (L),  which  appear  to  the  naked  eye  to 
come  from  the  corpus  callosum  itself.  The  part  of  bundle  a 
which  is  visible  upon  the  base  of  the  brain  has  l)een  called  the 
handelette  diagonale  by  Broca. 

Koelliker,  following  Zuckerltandl,  calls  the  precommissural 
bundle  the  RiechstraMuv^  des  Septum,  and  says  that  it  ends  in 
the  ganglion  basale  of  Ganser.  This  ganglion  is  a  mass  of  grey 
matter  lying  between  the  optic  chiasma  and  the  cortex  of  the 
tuberculum  olfactorium.  He  also  describes  a  second  or  anterior 
series  of  septal  fibres,  which  he  homologises  with  the  peduncle 
of  the  septum  pellucidum  and  peduncle  of  the  corpus  callosum. 
He  says  that  these  terminate  in  the  gyrus  fornicatus  (in  the 
cat),  immediately  in  front  of  the  tuberculum  olfactorium 
(*'  l/ebei'  der  Foi-nix  longiis*'  &c.  &c.,  Vierteljahrsschrift  der 
Naturforschenden  Gesellschaft  in  Zurich,  xli.,  1896,  Jubel- 
band,  p.  555). 

In  the  rabbit,  Koelliker  (loc.  cit,,  p.  550)  describes  the  ending 
of  the  so-called  '  Riechstmlihing  *  in  the  ganglion  basale  (corre- 
sponding to  tract  a  of  this  paper),  and  in  the  cortex  of  the 
tuberculum  olfactorium  (tract  c). 

A  very  great  variety  will  be  found  in  the  descriptions  which 
have  been  given  of  the  fibre-tracts  of  this  region  within  recent 
years. 

But  the  following  facts  can  be  readily  and  certainly 
determined. 


j 
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In  all  animals  there  is  a  very  large  series  of  fibres  which 
pursue  a  vertical  course  in  front  of  the  anterior  commissure. 
They  are  connected  with  all  parts  of  the  hippocampus,  with  its 
iindegenerated  and  rudimentary  portions.  Many  of  these  fibres 
arise  in  the  precommissural  body  (gyrus  subcallosus  and 
aeptom  pellucidum)  from  the  multipolar  nerve  cells  there. 
Below  they  extend  on  to  the  basal  surface  of  the  brain,  where 
many  of  them  can  be  traced  as  far  as  the  region  surrounding 
the  nucleus  amgydalae. 

There  is  no  justification  for  the  name  *  TrcLctiis  septo-mesen- 
eephaliai^'  which  Edinger  gives  to  this  series  of  fibres  in 
reptiles.  (In  manimals  he  calls  its  homologue  the  fradus 
dfadorius  sqpti, — t.^.,  he  confuses  tracts  a  and  c.) 

By  •  mesencephalic  tract '  he  apparently  refers  to  the  tract 
i,  which  I  have  spoken  of  as  the  hypothalamic  tract. 

The  existence  of  the  fasciculus  marginalis  (fig.  6,  6)  in 
higher  mammals  has  not  yet  been  certainly  established.  In  his 
description  of  the  nerve  fibres  found  in  the  molecular  layer  of 
the  fascia  dentata  in  such  small  mammals  as  mice,  Samon  y 
Cajal  mentions  "  fibras  nerviosas  coUaterales  y  terminales  de  la 
subetancia  blanca  del  alveo."  ("  Estructura  del  asta  de  ammon," 
Annales  de  histori/i  natural y  xxii.)  It  seems  not  unlikely  that 
these  fibres  may  be  the  terminations  of  the  fasciculus  maiyinalis. 
The  marginal  bundle  (fig.  6,  5)  pursues  its  backward  course 
upon  the  dorsal  aspect  of  the  hippocampal  commissure,  and 
above  the  position  where  the  corpus  callosum  develops.  Its 
porition  corresponds,  therefore,  to  that  occupied  by  the  stria 
msialis  Landsii  in  the  Eutherian  brain.  It  is  not  improbable 
that  its  homologue  will  be  found  as  a  constituent  of  this  stria. 
In  the  cat,  Eoelliker  figures  certain  fibres  (loc.  cit.,  p.  554)  which 
he  calls  *  pedimculus  corporis  callosi  *  (Pec).  He  describes  the 
course  of  this  bundle  from  the  stria  mesialis  around  the  genu 
of  the  corpus  callosum,  to  terminate  in  the  ventral  part  of  the 
gyrus  fomicatus,  immediately  in  front  of  the  tuberculum 
olfactorium.  This  so-called  part  of  the  *  gyrus  fornicatus ' 
appears  to  be  the  insertion  of  the  olfactory  peduncle  (fig.  22,  o') 
into  the  hemisphere.  The  so-called  *  pedunculus  corporis  callosi ' 
also  seems  to  correspond  to  the  fasciculus  marginalis. 
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The  Mabginal  Cortex. 


Within  recent  years  many  investigators  have  endeavoured  to 
Justify  the  crude  scheme  of  a  limbic  or  falciform  lobe,  which 
Broca  iirit  definitely  enunciated  ;  and  they  have  also  applied  the 
idea  of  complete  cortical  arcs  to  various  structures  which  are 
placed  concentrically  within  this  so-called  limbic  lobe. 

Thus  Zuckerkandl  described  a  Randmindunig  or  marginal 
gyrus  which  consists  of  two  large  arcs — outer  and  inner. 

He  included  in  the  outer  arc  the  fascia  dentata,  the  vestigial 
hippocampus  (which  he  called  *  gyrus  supracallosus  *  and  *  gjrrus 
geniculi '),  and  believed  that  this  arc  was  continued  into  the 
inner  root  of  the  olfactory  apparatus. 

His  inner  arc  was  composed  of  fimbria,  lamina  septi  pellucidi 
and  the  basal  part  of  the  precommissural  body  (which  he  called 
gyrus  suhcallosus). 

A  glance  at  fig.  1  shows  how  illogical  this  division  is.  For 
while  he  includes  the  fascia  dentata,  he  apparently  excludes  the 
submerged  hippocampus.  Yet  he  includes  his  gyri  supra/xUlosus 
et  geniculi^  which  merely  represent  the  anterior  continuations  of 
the  sicbmcrged  hip}x>campus.  Then,  again,  what  advantc^e  is 
gained  by  grouping  a  band  of  white  fibres — the  fimbria — with 
a  ganglionic  mass — the  precommissural  body  (lamina  septi 
pellucidi  and  gyrus  subcallosus),  and  calling  the  result  the  inner 
bordering  *  gyrus.' 

Ketzius,  in  his  recent  monograph,  adopts  a  very  similar  classi- 
fication, mainly  upon  developmental  grounds. 

He  includes  in  the  outer  '  Handbogen'  the  fascia  dentata, 
corpus  callosum,  fasciola  cinerea,  *  Balkenwindung/  stria  Lancisii 
and  taenia  tecta,  gyrus  geniculi  and  gyrus  subcallosus.     His  inner 

*  Bandbogen '  includes  the  fimbria  and  septum  pellucidum. 

The  same  remarks  apply  to  this  division  as  have  been  applied 
to  Zuckerkandl's.but  there  are  here  some  more  extraordinary  com- 
binations. Like  Zuckerkandl,  he  ignores  the '  submerged  hippo- 
campus,' yet  he  includes  part   of  the   same    formation — the 

*  Ballcenvdndung ' — apparently  because  it  can  be  seen.  He 
includes  one  part  of  the  precommissural  body — the  gyrus  sub- 
callosus— in  the  o%Uer  and  the  rest  of  the  same  body  (septum 
pellucidum)  in  the  imier  arc. 


RSLAnON  OF  FORKIX  TO  MABGIX  OF  CIBIBKAL  Or-XTXS. 

This  year  in  his  Traiie  (TAnatcmie  Jkmw^^  v  i  it  :c5i-rZj* 
edition,  tome  iL,  ler  fascicule,  1897),  Testat  makK  ih-^ :  U- t- 
ing  remarkable  statement  on  page  294: — ^"Je  e:i-s:  r*  jt 
corps  godron^e  [fascia  dentata].  les  tnctns  ^ie  fjuryg,  js 
pedoncules  dn  corps  calleux  et  la  bandelette  i]ias«oiuue  cctit:* 
constituent  une  seule  et  meme  formatioii — une  drM-T:-I~t::c 
radimentaire  incluse  dans  la  grande  circoDT«*!ut:ii  ^' 
Broca."  Being  interpreted,  this  statement  simply 
this :  Testut  regards  the  fascia  dentata  [the  highly  ^peeikli**?! 
marginal  region  of  the  hippocampus],  the  strie  LAL-iisii-^  ^:L>r 
degenerated  forward  continuation  of  the  hippccan^i a?c  cf  «": :  L 
the  fascia  dentata  has  practically  disappeared],  the  i^\zij'.\r^ 
of  the  corpus  callosum  [part  of  the  preoommissiril  ^••'y'.  ai.i 
the  diagonal  band  of  Broca  [the  substantia  cin^reA  -f  ^v.-^W^ 
as  a  single  rudimentary  '  convolution.* 

It  has  become  very  difficult  within  recent  years  to  kn^iw  wLki 
authors  understand  by  the  term  ' convolution'  or  ''jyrt  <S  TLu? 
fietzins,  in  his  recent  work,  applies  the  term  *  </yr-4 '  to  any  link- 
area  of  the  surface  of  the  hemisphere^— either  grey  or  iii€»i:iIlarT 
matter — which  either  is  or  appears  to  be  of  a  different  nar:ir& 
from  neighbouring  structures.  But  Testnt,  in  the  insiaa^ie  unier 
consideration,  goes  to  the  other  extreme,  an<l  ineluies  under 
the  term  '  circonvolution '  a  strange  and  heteroireneoos  asctrt- 
ment  of  surface  areas. 

The  scheme  of  the  human  brain  in  the  first  figure  siirf.eiently 
explains  the  views  of  the  present  writer  as  to  the  nature  of  tK»- 
uiargin  of  the  cortex. 


EXPLANATION  OF  REFERENCE  LETTERS. 

A^  alveus. 

a.) 

a ,  .-  extraventrindar  alvei^. 

«  ,) 
6,  ganglian  habentdip. 

c,  corpus^  rcUlosum. 


c 


genu. 


'  In  this  contribntion  the  terms  'slricB  Laneisii,*  *  peduncles  of  the  eoqnu 
tallonuiif  and  '  diagonal  band  of  Broca '  have  been  applied  to  fibres  only,  but 
Taitnt  efidently  refers  to  the  grey  matter  in  which  these  fibres  are  situated. 
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/r.8,  corpus  sfricUum. 

ju  \ fascia  dentata. 

c,  corona  radiata, 
/,  \  fimbria, 

/",  I 

If,  general  cortex  or  jr>a7/itt?w. 

h  ] 
1  //  >  hippocampus  (distinct  from  fascia  d^ntafa) 

ir, ) 

i,  indusium  verum. 
Jc,  commissura  mMis, 

l\  V  lamina  tpmiinaJii*. 

I",) 

m,  corpvs  mammUlare. 

71,  pyramidal  cells  of  hippocampus. 

0,    olfactory  bulb. 

o',  olfactory  pedunde. 

p,  corpvs  prcpcommissurah. 
(p,    gyrus  stibcallosus.) 
(p\  septum  pellucidum.) 

r,  pyrif 07111  lobe. 

R,  roof  of  forebrain. 

s,  splenium  corpus  callosi. 
t,  tuberculum  olfactorium. 

V,  ventral  commissure. 

v\  anterior  commissure. 

w   \  ^ 

,'  >  hippocampal  commissure.  •^* 

X,  optic  chiasma. 

z,  hippocampal  fissure. 


SOME  OBSERVATIONS  ON  THE  STBUCTUEE  OF  THE 
RECTUM.    By  Waltke  J.  Ons,  iLD..  Boefcco.  U  >.A. 


Phk  first  important  description  of  the  permanent  tmo^r 
folds  occurring  on  the  inner  surface  of  the  rectum  was  iv-n  *:y 
Houston  in  the  Dublin  Hospital  Beports  for  the  year  I SC-X  la 
this  description  Houston  regarded  these  foils  as  a  part  • :  ;\'- 
normal  structure  of  the  rectum  servii^  the  purpose  •  »f  vaIt-<  :o 
hold  back  the  contents  of  the  rectum  during  the  ii.ir-rr  >  '.r- 
tween  defecation :  and  ever  since,  theT  have  been  refi^rrri  :•■  bv 
English,  French,  and  American  writers,  as  Hoiiston-  valves  •:•: 
tiie  rectum.  The  number  of  valves  that  H  ustcMi  ifcser  l^ri  ins 
four,  situated  in  the  lower  portion  of  the  rectum  altemaie'y.  at 
varying  intervals.  On  the  cadaver,  or  living  8u-j«rct.  the  I-  wer 
valves  can  be  easily  examined  with  the  fingr-i  y^r  a  \"*^,  after 
having  first  distended  the  rectum  with  air  or  water.  They  can 
also  be  readily  seen  by  placing  the  subject  for  exaiii:nat:«>n  in 
the  knee-chest  position,  and  looking  up  through  tlitr  "iir,er.'Ie»i 
anus.  A  striking  feature  in  the  distended  rectum,  other  than 
the  amount  of  distension  of  which  it  is  capable".  L«  the  fact  ih^t 
its  internal  surface  is  not  tubular  in  character,  but  is  'iivi-iei 
off  into  large  rounded  sacculations,  separated  from  e-aoh  i.ther 
by  large  transverse  folds  of  mucous  membrane — ^thp  valves  of 
Houston.  These  folds  are  semilunar  in  shape,  with  th«^ir  'levpest 
portions  on  the  sides  of  the  rectum,  and  they  are  arram:^!  In 
alternate  succession  at  varying  intervals.  The  number  that  ea:. 
be  seen  in  this  way  is  generally  two  or  three,  but  bv  pre?sinc: 
aside  the  uppermost  fold,  another  higher  up  can  often  hf  trf.-crht 
into  view.  The  sphhicter  ani  tertws  of  Hyrtl  and  the  */»/'  uUr 
iuperieur  of  Nelaton  were  undoubtedly  the  outcome  of  a  mis- 
conception of  the  function  of  the  lower  one.  or  two,  of  Houston '< 
valves.  Although  Houston  was  perfectly  right  in  r»^vi!,Iir; ' 
these  transverse  folds  as  a  part  of  the  normal  .^structure  of  th- 
rectum,  yet  it  is  only  within  the  last  few  years  that  thev  fciv.- 
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been  regarded  as  something  more  than  of  exceptional  occurrence, 
and  their  significance  appreciated. 

The  early  writers  on  anatomy  gave  the  name  rednm  to  the 
lower  portion  of  the  large  intestine  because  its  external  surface 
appeared  to  be  smooth  and  even,  devoid  of  the  constrictions  or 
sacculations  which  characterise  the  colon,  while  at  the  same 
time  it  seemed  to  be  surrounded  with  a  uniform  layer  of  longi- 
tudinal muscular  fibres.  That  this  conception  of  the  structure  of 
the  rectum,  which  is  accepted  by  most  anatomists  at  the  present 
day  as  its  chief  distinctive  feature,  is  an  erroneous  one,  I  am 
convinced,  from  a  large  experience  in  examining  and  comparing 
recta  from  individuals  of  all  ages.  To  substantiate  this  state- 
ment I  beg  to  submit  the  following  observations. 

The  exterTial  surface  of  the  rectum  is  not  perfectly  smooth  and 
even,  but  on  the  contrary  is,  as  a  rule,  indented  on  its  lateral 
surfaces  alternately  by  a  varying  number  of  partial  constrictions 
or  inflections,  which  project  as  sharp  and  ineffaceable  edges  into 
its  interior.  Although  there  is  much  individual  variation  in 
regard  to  these  external  inflections,  some  recta  showing  none 
at  all,  still  the  majority  have  as  many  as  three  or  four,  while 
some  may  have  as  many  as  five,  six,  or  seven.  The  two  or  three 
lower  constrictions,  which  are  the  most  striking,  are  generally 
associated  with  a  slight  flexure  in  the  axis  of  the  bowel,  which 
gives  to  the  rectum  a  more  or  less  sinuous  appearance.  All  the 
coverings  of  the  intestinal  wall  participate  in  the  formation  of 
these  constrictions,  except  near  the  median  line  in  frout  and 
behind,  where  the  longitudinal  muscular  fibres  often  pass 
directly  over  them. 

The  longitvdincd  museiJar  fibres  of  the  rectum,  although  they 
form  an  uninterrupted  layer  of  considerable  thickness,  yet  are 
not  distributed  over  its  surface  in  uniform  layer,  but  are  per- 
ceptibly thicker  and  shorter  on  its  anterior  and  posterior 
surfaces  than  on  its  lateral  surfaces.  The  thicker  and  shorter 
fibres  on  the  anterior  surface  are  the  combined  fibres  of  the  two 
free  tceniw  of  the  sigmoid  flexure,  while  the  thicker  and  shorter 
fibres  on  the  posterior  surface  are  the  fibres  of  the  taenia  jnesen- 
terica  continued  into  the  rectum,  which  here,  as  in  th^  fl^ocfura, 
are  generally  shorter  and  more  developed  than  those  on  the 
anterior  surface.     Tliis  arrangement  of  the  longitudinal  fibres  I 
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have  determined  from  numerous  macroscopic  preparations,  roth 
wet  and  dry,  and  also  from  microscopic  sections  of  loth  con- 
tracted and  dilated  recta.  The  want  of  uniformity  in  ihe^dis- 
tribution  of  the  longitudinal  muscular  fibres,  and  the  inequaZiiy 
of  their  length,  is  analogous  to  the  arrangement  of  longitudinal 
muscular  fibres  of  the  colon  into  bands  or  Uia.a^  which  anr 
shorter  than  the  intervening  intestinal  wall.  Fui  the  sam^ 
reason,  I  consider  that  the  thicker  portions  of  the  lomrltu  ^in^I 
muscular  fibres  on  the  anterior  and  posterior  surfaces  of  tLr 
tectum,  which  are  shorter  than  the  intervening  lougin:*dina! 
fibres,  are  in  reality  icenia:  recti. 

In  the  colon  the  constrictions  on  its  external  surface,  tcceiher 
witb  their  iatemal  projections,  are  due  to  the  shortness  «.*:  thv 
iisnicB]  in  like  manner,  the  constrictions  on  the  sides  of  the 
tectum,  together  with  their  internal  projections  (Houston's 
valves),  are  due  to  the  shortness  of  the  anterior  and  ]:<^teii':>r 
longitudinal  muscular  fibres.  As  the  principle  is  the  same  in 
both  instances,  then  the  rectum,  like  the  colon,  must  r.«  re- 
garded as  having  a  sacculated  structure.  The  colon  ha\-inj 
three  tcmict,  consequently  has  three  rows  of  sacculi :  it  fulluws. 
therefore,  that  the  rectum  having  two  tarjiia:  should  have  two 
rows  of  sacculi,  which  is  the  case,  one  on  each  lateral  surface. 

Comparing  a  large  number  of  distended  recta,  a  consitlerable 
variation  in  form  will  be  noticed,  depending  on  the  distribTitioD 
of  the  longitudinal  fibres.  The  more  uniform  the  distribution, 
the  straighter  the  rectimi;  the  more  prominent  the/a/uVr,  the 
moie  marked  the  constrictions  and  the  sinuous  appearance  of 
theoigan.  It  will  also  be  observed  that  they  incline  to  on*- 
typical  form  of  alternating  constrictions  and  sinuosities.  TI.at 
this  form  is  due  to  the  shortness  of  longitudinal  muscular  ti'oreb 
in  front  and  beliiiid  can  be  demonstrated  on  a  rectum  disteu  J*-^! 
with  air  or  water,  by  cutting  these  fibres  at  the  places  where 
the  constrictions  occur,  the  resulting  elongation  of  the  anterior 
and  posterior  surfaces  being  sufficient  to  straighten  out  thfr 
inflections  on  the  sides  of  the  rectum,  and  to  smooth  out  the 
internal  folds  of  mucous  membrane. 

Contrasting  the  sacculations  of  the  rectum  with  those  of  the 
colon,  it  will  be  seen  that  in  the  lower  half  of  the  rectum 
where  the  ineqtiality  in  the  distribution  of  the  loijgitudin.l 
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muscular  fibres  is  not  marked,  aud  where  there  is  a  marked 
increase  in  the  thickness  of  both  muscular  layers,  the  sacculi 
not  only  alternate,  but  are  associated  with  a  slight  flexure  in  the 
axis  of  the  gut  as  well ;  in  tlie  upper  half  of  the  rectum,  where 
the  inequality  in  tlie  distribution  of  the  longitudinal  fibres  is 
more  evident,  and  where  both  muscular  coats  are  thinner,  the 
sacculi,  as  a  rule,  alternate,  but  the  alternation  is  not  accom- 
panied with  a  flexure.  In  the  colon,  where  the  distribution  of 
the  longitudinal  fibres  is  most  unequal,  and  where  the  inter- 
vening intestinal  wall  is  mucli  thinner,  the  sacculations  follow 
in  quick  succession,  alternating,  as  a  rule,  when  two  adjoining 
rows  are  compared  together,  but  are  entirely  independent  of 
any  flexure  in  the  axis  of  the  gut.  In  the  rectum,  however, 
owing  to  the  thickness  of  the  intestinal  wall,  the  sacculations 
cannot  follow  one  another  so  rapidly ;  consequently,  the  sides  of 
the  gut,  in  adjusting  themselves  to  the  drawing  or  gathering 
action  of  the  tenice,  are  thrown  into  large,  alternating  sacculL 
In  both  colon  and  rectum  the  circular  muscular  fibres  are 
accumulated  in  larger  numbers  at  the  places  where  the  con- 
strictions occur :  this  is  particularly  noticeable  in  the  rectum, 
where  the  bundles  of  circular  fibres  are  drawn  or  crowded 
together  into  prominent  ridges,  at  the  same  time  puckering  up 
the  mucous  membrane  directly  in  contact  with  them  into  deep 
transverse  folds. 

From  these  observations  I  draw  the  following  general  con- 
clusions : — 

First,  that  in  an  intestine  having  the  same  general  character 
as  the  upper  part  of  the  rectum,  with  two  t(B7iicc  placed  on 
opposite  surfaces,  the  action  of  the  tcvnioi  will  produce  a  folding 
in  of  the  intervening  surfaces,  first  on  one  side,  then  on  the 
other, — i.e.,  alternating  sacculi. 

Second,  that  in  an  intestine  with  a  greater  development  of 
both  muscular  layers,  as  in  the  lower  half  of  the  rectum,  where 
the  two  tcBuice  are  not  well  marked,  owing  to  the  development  of 
the  intervening  longitudinal  fibres,  the  action  of  the  tceiiioe  will 
produce  alternating  sacculi,  accompanied  with  a  flexure,  the 
llexure   depending  on  the  greater   thickness  of  the  intestinal 

Willi. 

Third,  that  in  an  intestine  with  no  ictnia',  but  with  a  perfectly 
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onifonu  layer  of  longitudinal  muscular  fibres,  with  no  in- 
equality in  their  length,  the  result  would  be  an  even  cylindrical 
tube,  a  condition  that  does  not  exist  in  the  rectum,  but  one 
that  can  be  readily  produced  by  destroying  the  action  of  the 
anterior  and  posterior  longitudinal  fibres,  by  the  simple  pro- 
cedure of  cutting  them  at  the  places  where  the  constrictions 
occur. 

This,  it  seems  to  me,  is  the  correct  explanation  of  the  con- 
strictions and  transverse  folds  occurriug  on  the  sides  of  the 
rectum,  that  have  been  so  often  noticed  and  described,  and  con- 
sidered by  some  as  mere  inflections,  due  to  the  bending  of  the 
rectum  from  one  side  to  the  other. 


ABNORMAL  IlELATION  OF  THE  VEILMIFOEM  APPEN- 
DIX TO  THE  PLICA  VASCULAKIS,  LEADING  TO 
APPENDICITIS.  By  H.  D.  Kolleston,  M.D,  F.RC.P., 
Senior  Assistant  Physician  and  Lecturer  on  Pathology  at 
St  George's  Hospital, 

The  following  condition  of  the  vermiform  appendix  was  found 
during  the  post-mortem  examination  of  a  boy  aged  6  years,  who 
had  been  run  over  and  had  sustained  extensive  head  injuries. 

The  appendix  was  4^  inches  long,  and  came  off  in  about  ite 
normal  position  from  the  left  side  of  the  caecum.  It  was  pro- 
vided with  its  mesentery,  and  formed  a  fan-like  curve  towards 
the  left.  This  part  of  the  appendix  contained  a  considerable 
quantity  of  soft  fsecal  material  The  appendix  then  turned  to 
the  right,  and  ran  through  the  plica  vascularis  (Lockwood),  at 
which  point  it  was  bent  on  itself  and  presented  a  narrowed 
lumen.  The  distal  portion  was  somewhat  distended,  and  was 
attached  by  adhesions,  manifestly  due  to  past  inflammation,  to 
the  larger  right  pouch  of  the  ca.*cmn  on  its  outer  side.  On 
opening  tliis  terminal  portion  of  the  appendix  it  was  found  to 
contain  a  date-shaped  enterolith,  which  was  firm  and  fairly  dry. 

This  specimen  is  interesting,  both  from  the  anatomical  and 
from  the  pathological  points  of  view. 

The  plica  vascularis  is  the  name  applied  by  Lockwood '  to  that 
l^rt  of  the  fold  of  peritoneum  or  mesorchium  which  is  reflected 
over  the  spermatic  vessels,  and  extends  from  the  back  wall  of  the 
abdomen  to  the  testis,  while  the  inferior  part  of  the  mesorchium 
which  contains  the  testicular  end  of  the  gubernaculum  testis 
is  called  the  plica  gubernatrix. 

In  this  specimen  the  plica  vascularis  was  well  marked,  and 
was  attached  above  to  the  caecum  and  vermiform  appendix. 
Below,  it  passed  into  the  peritoneum  covering  the  psoas  muscle, 
and  lay  over  the  spermatic  vessels.     Tlie  distinctness  of  the  plica 

'  Ttans,  Hoyal  Jiidical  and  Chirurgieal  SoeUly,  vol.  Ixix.  pp.  602,  SOS. 
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nacolitris  baa  been  aocentoitod  {vide  di«wiiK>  ly  p:"^  "^ 
aeeam  apwards,  and  ao  putting  this  fold  <xi  the  tfrelc^ 

The  upper  end  ol  the  jJita  wacoltriB  on  the  ripi  aif  3iay  cai 
either  upon  the  Termilorm  appendix,  the  memarr.  ch'-lu.  :r 


DnvinK  Annag  th«  Vermifarm  Aj^sodii  pMnng  thno^  tke  F*.Vs  TtKrJ«-^ 
lit  lenninttiati  ol  tbe  App«odiz  is  inlUiDHi  wd  nfliiiKt  u  r^  Csst-a. 

ileum.'     Id  this  case  there  was  an  attachment  b>  irt^  \*ir^2xzL. 
appendix  and  to  the  cscnm,  bat  the  mmtomical  mVft*;&  ia  iL^; 

'  Wiiaberg,  quoted  b;  Lockwmd. 
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the  appendix  later  on  passes  through  the  plica  vasctQaris.  At 
this  point  the  appendix  is  somewhat  bent  on  itself,  and  its  Imnen 
is  narrowed. 

This  narrowing  has  an  important  pathological  bearing.  The 
proximal  portion  of  the  appendix  contained  soft  faeces,  which 
could,  especially  when  the  intra-appendicular  pressure  was  in- 
creased, either  from  muscular  contraction  or  fsBcal  accumulation 
in  the  caecum,  trickle  through  the  obstruction  into  the  distal 
portion  of  the  appendix.  But  once  there,  the  faecal  material  was 
probably  unable  to  return,  and  remaining  there,  gradually  became 
more  solid  by  the  absorption  of  its  more  fluid  elements  by  the 
walls  of  the  appendix,  and  so  a  faecal  concretion  resulted.  This, 
by  setting  up  catarrhal  appendicitis,  produced  the  peritoneal  ad- 
hesions which  xmited  the  terminal  part  of  the  appendix  to  the 
right  side  of  the  caecum. 

This  passage  of  the  appendix  through  the  plica  vascularis  gave 
rise  to  torsion,  narrowing  of  the  appendix  at  that  point,  and 
eventually  to  appendicitis,  and  is  an  example  of  the  causation  of 
appendicitis  by  torsion  described  by  Mr  Treves. 

It  might  be  thought,  perhaps,  inasmuch  as  there  were 
peritoneal  adhesions  around  the  tip  of  the  appendix,  that  the 
fold  of  peritoneum  described  as  the  '  plica  vascularis '  was  only 
another  pathological  adhesion.  This,  however,  is  not  supported 
by  the  character  of  the  fold,  which  is  distinct  and  free  from  any 
general  adhesions  to  surrounding  parts.  In  addition,  it  is  situated 
in  the  normal  situation  of  the  plica  vascularis,  as  shown  by  the 
spermatic  vessels. 

The  drawing,  for  which  I  am  indebted  to  Mr  E.  Wilson,  B.A. 
Cantab.,  of  St  George's  Hospital,  shows  the  caecum  drawn  upwards 
and  to  the  right,  with  the  proximal  portion  of  the  appendix 
containing  soft  faeces  lying  on  its  under  surface,  the  appendix 
with  its  mesentery,  the  narrowed  and  bent  condition  of  the 
appendix  where  it  passes  through  the  plica  vascularis,  and  its 
dilated  termination  united  by  peritoneal  adhesions  to  the  caecum. 


CASE  OF  MAEKED  DISTENSION  OF  THE  TRANSVERSE 
AND  DESCENDING  PARTS  OF  THE  COLON.^  By 
Robert  Howden,  M.A.,  M.B.,  Professor  of  Anatomy  in  the 
University  of  Durham, 

Thk  following  conditions  were  found  in  an  adult  male  subject 
diBsectsd  in  the  Universitj  of  Durham  College  of  Medicine, 
Newcastle-upon-Tyne,  during  the  winter  session  1896-97. 

The  abdominal  wall  exhibited  no  marked  distension,  while  its 
muscles  and  vessels  were  found  to  be  quite  normaL  On  opening 
the  abdominal  cavity,  what  looked  like  an  enormously  distended 
stomach  presented  itself  to  view,  and  was  seen  to  occupy  the 
whole  of  the  epigastric  and  umbilical  areas,  together  with  a  con- 
siderable portion  of  the  right  and  left  hypochondriac  regions. 
On  further  examination,  this  distended  viscus  proved  itself  to  be 
the  transverse  colon,  which  was  bound  to  the  diaphragm  by  a 
greatly  expanded  phrenicoK5olic  ligament, — this  last  being 
attached  to  the  diaphragm  along  a  line  extending  from  the 
ensifonn  cartilage  to  the  10th  rib,  at  an  average  distance  of 
about  2  inches  (5  cm.)  above  the  left  costal  margia.  On  divid- 
ing the  anterior  part  of  this  ligament  and  drawing  down  the 
distended  colon,  the  previously  hidden  stoipach  was  exposed, 
lliis  was  found  to  be  dilated — ^measuring  25  inches  (about  63 
cm.)  along  its  greater,  and  9  inches  (23  cm.)  along  its  lesser 
curvature. 

The  spleen  was  of  normal  size,  and  was  placed  deeply  in  the 
left  hypochondriac  r^on, — ^its  anterior  extremity  being  distant 
about  3  inches  (7*6  cm.)  from  the  tip  of  the  11th  rib.  The 
liver  was  crushed  into  the  right  hypochondriac  region — the 
entire  organ  lying  to  the  right  of  the  vertebral  column.  The 
anterior  margin  of  the  left  lobe  looked  directly  forward,  and 
occupied  a  vertical  position.  The  under  surface  of  this  lobe  was 
directly  towards  the  left,  and  deeply  indented  by  the  stomach 
The  lower  margin  of  the  right  lobe  reached  the  level  of  the 

^  Bead  at  the  meeting  of  the  Anatomical  Society  of  Oreat  Britain  and  Ireland. 
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posterior  part  of  the  iliac  crest,  and  the  fundus  of  the  gall- 
bladder projected  below  the  costal  margin,  opposite  the  anterior 
extremity  of  the  11th  rib.  The  falciform  ligament  was 
stretched,  and  extended  obliquely  from  its  diaphragmatic  attach- 
ment towards  the  right  side,  in  order  to  reach  the  liver.  Its 
free  margin  measured  6  inches  (15  cm.),  whilst  its  vertical 
measurement  was  7  inches  (nearly  18  cm.).  The  lower  end  of 
the  right  kidney  was  on  a  level  with  the  iliac  crest ;  the  left 
occupied  its  usual  position.  The  diaphragm  on  the  left  side 
reached  as  high  as  the  lower  margin  of  the  2nd  rib,  in  the  line  of 
the  nipple ;  on  the  right  side  its  upper  limit  corresponded  with 
the  lower  border  of  the  4th  rib,  in  the  same  Una 

There  was  no  trace  of  a  great  omentum  below  the  colon,  but 
the  appendices  epiploicse  were  fairly  well  marked.  Between 
the  greater  curvature  of  the  stomach  and  the  upper  aspect  of 
the  colon  the  omentum  had  a  width  of  4  inches  (10  cm.).  The 
right  gastro^  epiploic  artery  sent  numerous  branches  downwards 
to  the  anterior  surface  of  the  distended  colon.  The  caecum 
and  vermiform  appendix  were  not  displaced.  The  ascending 
colon  was  of  an  average  calibre,  and  exhibited  the  longitudinal 
taeniae  and  the  usual  sacculations.  The  posterior  taenia  could  be 
traced  over  the  hepatic  flexure  on  to  the  posiierior  surface  of  the 
distended  transverse  colon,  where  it  could  be  seen  and  felt  as  a 
distinct  band.  The  omental  tsenia,  on  the  other  hand,  was  lost  a 
short  distance  beyond  the  hepatic  flexure. 

The  colon  was  moderately  inflated  from  the  lower  part  of  the 
ileum,  and  the  accompanying  photographs  give  different  views 
of  the  abdominal  viscera  under  this  condition. 

Photograph  No.  1.  —  View  of  the  abdominal  viscera  from  the 
under  and  left  aspects — the  distended  colon  having  been  drawn 
slightly  upwards  over  the  costal  margin. 

No.  2. — View  of  the  viscera  from  the  front — the  body  having  been 
suspended  by  the  neck»  Here  also  the  distended  colon  has  been 
drawn  slightly  upwards  over  the  costal  margin. 

No.  3. — ^View  from  the  right  side — the  distended  colon  having 
been  drawn  downwards  in  order  to  show  the  dilated  stomach. 

The  transverse  colon  presented  the  form  of  a  large  bilobulated 
sac,  which  communicated  freely  with  the  hepatic  and  splenic 
flexurea  Of  the  two  pouches,  the  lesser  was  placed  on  the  right 
side  of  the  middle  line,  and  occupied  mainly  the  right  hypochon- 
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Photograph  No.  2, —  Fwj/i  of  Viscera  ^^vm  the  front. 
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driac  region,  while  the  larger  lay  in  the  epigastric,  umbilical,  and 
left  hypochondriac  areas.  The  splenic  flexure  was  firmly  bound 
to  the  diaphragm  by  the  phrenico-colic  ligament,  and  presented 
a  slight  indentation  which  marked  it  off  from  the  succeeding 
descending  colon.  This  last  was  markedly  funnel-shaped,  being 
dilated  superiorly  and  narrowing  interiorly  so  as  to  reach  some- 
thing like  its  normal  calibre  on  reaching  the  left  iliac  fossa. 

The  following  measurements  will  assist  in  giving  some  idea  of 
the  size  of  the  viscus,  viz. — 

1.  Length  from  hepatic  to  splenic  flexure,  measured  along  its  upper 
margin,  34  inches  (86  cm.). 

2.  Circumference  of  transverse  colon  immediately  to  the  left  of  the 
hepatic  flexure,  14^  inches  (37  cm.). 

3.  Circumference  of  lesser  dilatation  of  transverse  colon,  23^ 
inches  (59*5  cm.). 

4.  Circumference  of  greater  dilatation,  29  inches  (73*5  col). 

5.  Circumference  of  the  splenic  flexure,  20^  inches  (52  cm.). 

6.  Circumference  of  the  highest  part  of  the  descending  colon,  20 
inches  (50'8  cm.). 

The  ascending,  transverse,  and  descending  parts  of  the  colon 
were  removed  en  masse,  and  carefully  washed  out.  Tl^pir 
contents  consisted  merely  of  a  small  quantity  of  mucus ;  there 
was  no  hypertrophy  of  the  muscular  coats  of  the  gut.  They  were 
then  placed  in  a  large  trough  and  filled  with  water,  the  trough 
being  filled  from  a  second  tap  at  the  same  time  that  the  gut  was 
being  distended,  in  order  to  support  the  latter  and  prevent  its 
rupture.  The  water  inside  the  viscus  was  carefuUj  drawn  off, 
and  was  found  to  measure  just  over  20  litres  (t.e.,  about  4^ 
gallons) ;  the  average  normal  capacity  of  the  same  parts  of  the 
large  intestine,  measured  in  a  similar  manner,  being  from  3  to  4 
litres.  The  sigmoid  flexure  and  rectum  were  carefully  examined, 
but  no  trace  of  a  stricture  could  be  detected ;  the  former  was 
empty,  while  the  latter  contained  a  small  quantity  of  pultaceous 
fseces. 

In  order  to  localise,  as  far  as  possible,  the  position  of  the  thor- 
acic viscera,  the  body  was  placed  in  the  supine  position,  and  a 
number  of  sharp,  stiff  steel  needles  were  driven  through  the 
chest  at  different  points.  The  anterior  part  of  the  chest-wall 
was  then  carefully  removed,  when  the  following  facts  were 
ascertained,  viz. — 
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1.  BoA  lungs  were  fixed  to  the  chest-wall  by  denae  {denritic 
adhesioiis. 

2.  The  left  long  extended  for  a  distance  of  2  inches  (5  cm.)  to 
the  right  of  tiie  mid-sternal  line  at  the  level  of  the  npper  mai^ 
of  the  third  costal  cartilages. 

3.  The  diaphragm,  as  already  stated,  reacdied  on  the  left  side 
as  high  as  the  lower  margin  of  the  second  rib  in  the  nipple  fine, 
while  on  the  right  side  its  highest  level  corresponded  to  the 
lower  border  of  the  fourth  rib. 

4  The  pericardial  sac,  at  the  level  of  the  upper  border  of  the 
4th  costal  cartili^e,  extended  transversely  from  a  point  |  an  inch 
(1*25  cm.)  to  the  left  of  the  mid-eternal  line,  to  one  3|  inches  (9 
cm.)  to  the  right  of  the  same  line. 

5.  The  heart  lay  almost  entirely  to  the  right  of  the  mesial  plane 
of  the  body, — a  needle  driven  through  the  middle  of  the  sternum 
opporate  the  fourth  costal  cartilages  transfixing  the  wall  of  the  left 
ventricle.  The  upper  part  of  the  interventricular  furrow  corre- 
sponded to  the  junction  of  the  right  third  and  fourth  costal 
cartilages  with  the  sternum. 

GJThe  pulmonary  valve  was  on  a  level  with  the  ri^t 
second  costal  cartilage  where  it  joined  the  sternum.  The  aortic 
and  mitral  orifices  were  transfixed  by  a  needle,  which  had 
been  passed  through  the  chest  at  the  upper  border  of  the  right 
third  costal  cartilc^e  close  to  the  sternum.  The  valves  of  the 
heart  appeared  to  be  healthy. 

7.  The  distance  from  the  upper  border  of  the  neck  of  the  first 
rib  on  the  left  side  to  the  highest  level  of  the  diaphragm  on  the 
same  aide  was  4^  inches  (11'4  cm.). 

Cases  of  dilatation  of  the  colon,  not  secondary  to  any  organic 
change,  have  been  divided  by  BoUeston  and  Haward  (Clinical 
Sodeti/s  Transactions,  vol.  xxix.)  into  two  classes : — 

1.  Aejuired,  which  develop  some  time  after  birth  or  in  adult 
life.  They  are  generally  directly  referable  to  constipation,  and 
the  dilatation  is  more  or  less  local  as  a  rule,  the  distension  being 
most  marked  in  the  sigmoid  flexure,  and  gradually  diminishing 
towards  the  caecum.  .  .  . 

2.  CongeniUd. — Cases  where  the  distension  comes  on  soon  after 
birth,  and  where  the  bowels  have  never  acted  naturally.  The 
distension  and  dilatation  of  the  colon  are  more  general,  and, 
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probably  from  their  longer  duratiozi,  more  marked.  Constipa- 
tion seems  to  be  the  result  of  inactivity  or  atony,  and  not  to  be 
the  primary  cause  of  the  distension.  But  it  must  be  admitted 
that  a  hard-and-fast  line  cannot  be  drawn  between  congenital 
cases  where  the  constipation  is  secondary,  and  the  commoner 
cases  of  acquired  dilatation  of  the  colon  directly  due  to  constipa- 
tion. They  give  the  histoiy  of  a  case  in  a  boy  who  died  at  the 
age  of  12  years,  cmd  who,  from  early  youth,  had  been  the  subject 
of  gradually  increasing  constipation, — ^he  having  once  gone  for 
nine  weeks  without  an  evacuation.  After  death  the  descending 
colon  and  sigmoid  flexure  were  seen  to  be  greatly  distended, 
while  the  first  part  of  the  rectum  was  dilated  to  a  lesser  extent 
They  quote  numerous  references  to  other  recorded  cases,  and 
discuss  the  different  theories  as  to  the  causation  of  this  condition. 
Unfortunately,  in  the  case  which  I  have  just  described,  the 
identity  of  the  subject  could  not  be  established,  and  so  a  clinical 
history  was  not  obtainable. 

The  following  facts  regarding  it  may,  however,  be  summarised, 
viz. — 

1.  The  absence  of  any  apparent  abdominal  distension,  and  of 

any  trace  of  a  stricture  on  the  distal  side  of  the  dilatation. 

2.  The  distension  was  entirely  above  the  sigmoid  flexure, — 
this,  together  with  the  rectum,  being  of  ordinary  calibre. 

3.  The  wall  of  the  distended  portion  of  the  gut  showed  no 
trace  of  hypertrophy. 

4  The  marked  effects  on  the  neighbouring  viscera  vfovld 
point  to  the  dilatation  as  having  existed  for  some  very  con- 
siderable time. 

The  specimen  is  now  preserved  in  the  museum  of  the  Univer- 
sity of  Durham  College  of  Medicine,  Newcastle-upon-l>^e. 
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ON  A  PAIR  OF  NEGRO  FEMORA.*  By  Thomas  H.  Bbyck, 
M.A.,  M.B.,  Lecturer  on  Anatomy,  Queen  Margaret  College, 
University  of  Glasgow, 

In  a  recent  number  of  this  Jornnal  I  published  some  "  Notes  on 
the  Myology  of  a  Negro."  The  pair  of  femora  which  form  the 
subject  of  the  present  paper  belonged  to  the  same  individual, 
and  I  purpose  to  describe  the  characters  of  the  bones,  in  their 
relation  to  certain  muscular  arrangements  described  in  my  former 
paper,  and  to  discuss  certain  analogies  between  them  and  the 
celebrated  Trinil  femur. 

RigM  femur. — ^The  upper  end  of  the  bone  is  much  deformed 
by  chronic  rheumatic  arthritis.  The  head  is  irregular,  and  itB 
articular  surface  ebumated ;  the  neck  and  trochanter  major,  ^ 
as  well  as  the  subtrochanteric  region  of  the  shaft,  are  much 
thickened  by  the  irregular  deposit  of  new  bone.  The  rest  of 
the  shaft  and  the  lower  extremity  show  no  signs  of  pathological 
change. 

The  linea  aspera  is  somewhat  prominent,  giving  a  pilasteric 
index  of  109-2, — rather  below  the  average  for  negro  bones  given 
by  Hepburn.*  The  bicondylar  width  is  82  mm.  The  inter- 
condylar notch  is  narrow,  and  the  curvature  of  the  condyles  is 
considerably  sharper  than  in  a  European  bone.  The  back  of 
each  condyle  shows  an  accessory  facet.  _  ^ 

The  popliteal  surface  measures  11  cm.  in  height.  The 
external  supracondylar  ridge  is  prominent ;  it  attached  a  strong  « 
accessory  fasciculus  of  the  biceps,  which  passed  from  the  long 
head  to  the  femur.  The  internal  supracondylar  ridge  is  only 
slightly  marked,  while  running  down  the  space  between  the 
two  lines  is  an  oblique  ridge,  which  gave  attachment  to  the 
femoral  head  of  the  bicep&  This  ridge  commences  close  to  the 
internal  supracondylar  ridge  above,  but  ends  below  in   the 

^  Read  at  the  meeting  of  the   Anatomical  Society  of  Great  Britain  and 
Ireland,  Jnne  10, 1897. 
'  Jour,  Anal,  and  Phys.,  vol.  xxzi.  part  1,  Oct  1896. 
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middle  line  4  cm.  above  the  condyles.  Below  this  level  there 
is  a  prominent  mesial  convexity  running  down  to  the  inter- 
condylar notch,  bounded  on  each  side  by  a  supracondylar  hollow. 

The  general  effect  is  to  give  the  popliteal  surface  a  convex 
contour,  which  is  expressed  by  the  following  measurements, 
taken  at  a  point  4  cm.  above  the  highest  point  of  the  external 
articular  surface,  on  the  front  of  the  bone  (Manouvrier's  4  cm. 
line).^  The  antero-posterior  diameter  mp — that  is,  with  the 
posterior  limb  of  the  callipers  resting  on  the  most  prominent 
point  of  the  popliteal  surface — is  31  mm.,  while  the  diameter 
rrm — the  posterior  point  being  taken  on  the  external  supra- 
condylar ridge — is  30  mm.  The  transverse  diameter  is  36  mm., 
giving  the  high  popliteal  index  of  86*2.  There  is  no  suspicion 
of  pathological  change  here,  the  convexity  being  due  to  the 
presence  of  the  lidge  which  gave  attachment  to  the  femoral 
head  of  the  biceps. 

Left  femur, — ^The  total  oblique  length  is  470  mm.,  just  about 
the  average  given  by  Hepburn ;  ^  the  diameter  of  the  head  is  52 
mm.  The  subtrochanteric  region  of  the  shaft  shows  some 
degree  of  flattening.  The  antero-posterior  diameter  is  23  mm., 
the  transverse  32'5  mm.,  giving  a  platymeric  index  of  70*7,  con- 
siderably below  the  average  (777)  given  by  Hepburn  for  nine 
Negro  bones.  The  anterior  part  of  the  shaft  is  here  somewhat 
concave,  due  chiefly  to  the  projection  of  the  internal  border, 
which  rises  into  a  prominent  ridge  opposite  the  lesser  trochanter, 
but  fades  away  again  at  the  junction  of  the  upper  and  middle 
thirds  of  the  shaft.  The  spiral  line  runs  into  this  ridge  in 
front  of  the  lesser  trochanter,  and  is  not  continued  upwards  as 
the  anterior  intertrochanteric  line.  The  latter  is  only  faintly 
marked,  the  concavity  of  the  anterior  part  of  the  shaft  being 
continued  up  on  to  the  neck  of  the  bone.  The  outer  border  or 
external  infratrochanteric  ridge  (Turner)*  is  rounded.  The  pro- 
jection of  the  linea  aspera  is  not  very  marked, — the  antero- 
posterior diameter  is  29  mm.,  the  tranverse  28*5  mm.,  giving  a 
pilasteric  index  of  101*7.  Thus  there  is  a  low  pilasteric  associ- 
ated with  a  somewhat  low  platymeric  index ;  whereas,  according 

^  Manouvrier,  ''Deozi^me  ^tude  sur  le  Pithecanthropua  erectoa,"  BuU,  dela 
Soe,  iPAnthrop,  de  Paris,  tome  sixi^me,  1896,  faac.  ▼.  (iv^  serie). 
'  Jow.  AncU.  and  Phys,,  vol.  xxxi.  part  1,  Oct.  1896. 
'  ChaUenger  Reports,  part  xlvii,  p.  97,  and  Proc,  Scot.  Soe,  Aniiq,,  May  1895. 
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to  Manouvrier,  a  low  platymeric  is  generally  associated  with  a  high 
pilasteric  index.  In  the  middle  section  of  the  shaft  the  hollow 
for  the  vastus  extemus  is  well  marked,  but  there  is  no  corre- 
sponding pilasteric  excavation  for  the  vastus  intemus,  so  that 
the  inner  face  of  the  shaft  is  convex  for  the  whole  of  its 
extent.  It  has  been  suggested  that  subtrochanteric  flatten- 
ing is  due  to  increased  development  of  the  upper  portion  of 
the  crureus  and  vastus  internus  (Manouvrier),  or  that  this 
portion  of  the  bone  is  modified  in  shape  by  its  being  acted  on 
by  the  opposing  forces  of  these  muscles  and  the  gluteus  maximus 
(Hepburn),  the  forces  coming  into  action  in  the  muscular  effort 
of  walking  in  a  mountainous  country.  The  degree  of  flattening 
in  this  bone  is  not  sufSciently  marked  to  test  completely  this 
hypothesis,  but  it  is  interesting  to  note,  in  connection  with  it, 
the  arrangement  of  the  muscles  supposed  to  be  concerned.  The 
gluteus  maximus  was  a  powerful  muscle,  but  attached  just  as 
usual ;  there  is  no  thbd  trochanter,  and  the  lower  part  of  its 
impression  is  a  hollow,  not  a  raised  ridge,  and  placed  on  the 
posterior  aspect  of  the  bone.  The  vastus  extemus  was  very 
well  developed,  and  could  not  be  separated  from  the  crureus 
below,  but  above  it  came  separately  from  the  tubercle  of  the 
femur,  and  the  shaft  in  front  of  and  below  the  great  trochanter, 
as  usual.  The  crureus  and  vastus  internus  were  inseparable 
above,  but  the  latter  was  regarded  as  being  coufined  to  the 
inner  face  of  the  bone,  behind  the  prominent  inner  border, 
while  the  upper  part  of  the  crureus,  which  was  better  developed 
than  is  usual,  arose  from  the  hollowed-out  anterior  surface  of 
the  shaft  and  anterior  intertrochanteric  line. 

The  bicondylar  width  is  82  cm.,  and  the  intercondylar  notch 
is  narrower  even  than  on  the  right  bone,  and  the  sharp  cur- 
vature of  the  condyles,  especially  of  the  external,  is  striking 

(fig.  3). 

The  popliteal  surface  extends  11  cm.,  4  mm.  above  the  con- 
dyles; tiie  external  and  internal  supracondylar  ridges  are  promi- 
nent, and  supported  by  bony  pillars  or  buttresses.  Each  rises 
above  into  a  spine;  the  outer  of  these  spines  attached  the 
aoottsory  fasciculus  of  the  biceps,  the  inner  forms  the  upper  end 
of  a  prominent  oblique  ridge,  which  passes  downwards  on  to  the 
popliteal  surface.    This  ridge  is  interrupted  below,  but  in  a  line 
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with  it,  in  the  middle  of  the  space,  and  4  cm.  above  the  condyles, 
is  a  prominent  tuberosity.  The  spine,  ridge,  and  tuberosity 
attached  the  femoral  head  of  the  biceps,  and  a  veesel  passed 
outwards,  under  that  muscle,  at  the  point  where  the  ridge  is 
interrupted. 

Below,  and  internal  to  this  tuberosity,  in  another  for  the  inner 
tendinous  head  of  the  gastrocnemius,  which  was  very  strong 
and  extended  over  the  whole  inner  half  of  tbe  popliteal  space, 


coming  in  contact  above  with  the  lower  part  of  the  short  head 
of  the  biceps. 

Instead,  therefore,  of  the  smooth,  slightly  concave  surface 
which  usually  characterises  the  popliteal  portion  of  the  femnr, 
we  have  an  irregular  projecting  surface,  which  at  first  sight  is 
si^gestive  of  a  pathological  process ;  but  it  is  to  be  noted  that 
the  whole  of  the  popliteal  surface  was  in  this  case  covered  by 
muscular  attachments,  and  that  the  ridges  and  tuberosities  are 
not  casual  exostoses,  but  were  definitely  associated  with  tbe  > 
tendinous  origins  of  certain  muscles.    Expressing  the  facta  in  I 
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Sganes,  we  find  that  at  the  4  em.  line  «p=s37  ibbl;  iii.ii«s 
35  mm.;  iransver»=40  mm.;  giving  a  jK^teal  index  of  92*5. 

The  pair  ol  femora  above  described  present  a  doable  analogy 
to  tbe  Trinil  fo88il,-^ls^,  in  respect  of  the  signs  of  a  pathological 
process  associated  with  the  formation  of  exostoses :  2nd,  in  re- 
spect of  certain  characters  which  are  common  to  both,  though 
they  may  not  be  present  in  the  same  d^ree.  Dabois  claimed 
that  the  fossil  was  unique  in  the  possession  of  tiireechaiactera — 
a  ooncaye  anterior  intertrochanteric  line,  a  convex  internal 
sorfaoe,  and  a  convex  or  rounded  contour  of  the  popliteal 
Boiface. 

lianouvrier^  and  Hepburn^  have,  however,  shown  that  all 
these  three  characters  may  be  present  in  certain  rare  specimens, 
in  the  large  c<dlections  of  human  femora  examined  by  tfaem. 
With  regard  to  the  first  two  characters  there  is  no  dispute. 
They  are  present  in  many  femora  as  well  as  in  the  pair  which 
are  the  subject  of  this  paper,  but  there  has  been  considerable 
disenssion  as  to  the  convexity  of  the  popliteal  space. 

Many  r^ard  the  feature  in  the  fossil  as  a  pathological  one, 
but  both  the  observers  above  named  have  described  femora 
which  approach  closely  the  fossil  in  this  respect,  and  are  yet 
free  from  the  suspicion  of  being  pathological  In  explanation 
of  tiie  convexity  of  the  popliteal  surface,  Manouvrier  ^  has  sug- 
gested that  the  bone  retains  its  cylindrical  character  to  a  lower 
level  than  usual,  owing  to  the  descent  of  the  vastus  extemus. 
Hepburn,^  with  more  probability  I  think,  saggests  that  the 
popliteal  surface  in  these  cases  has  been  occupied  by  muscle. 
He  farther  suggests,  from  his  observations  on  the  limbs  of  the 
anthropoid  apes,  that  the  adductor  magnus  may  descend  further 
than  usual,  and  he  desires  information  as  to  origin  of  the 
femoral  head  of  the  biceps  in  the  lower  races  of  men. 

In  this  instance  I  have  been  able  to  demonstrate  that  in  the 
rig^t  bone,  without  any  suspicion  of  its  being  pathological,  the 
convexity  of  the  popliteal  surface  is  due  to  the  presence  of  a 
ridge  from  which  the  femoral  head  of  the  biceps  arose,  while  in 
the  left  bone  the  impression  for  that  muscle,  and  for  the  inner 
head  of  the  gastrocnemius  are  marked  by  bony  prominencea 
The  development  of  the  spine  and  crest  in  the  upper  part 

^  Loe,  eU,  '  Loe.  eit, 
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of  the  tendinous  origin  of  the  short  head  of  the  biceps  u 
an  instance  of  the  very  process  suggested  by  Sir  Wm.  Turner 
as  explaining  the  exostosis  on  the  Trinil  femur.  The  Negro  was 
the  subject  of  a  disease  associated  with  the  formation  of  periosteal 
nodes,  and  both  tibiae  showed  irregular  exostoses  due  to  this 
cause.  It  does  not  follow,  however,  that  the  exostoses  on  the 
popliteal  space  are  necessarily  pathological,  for  they  are  strictly 
muscular  impressions.  On  the  other  hand,  the  thickening  of 
the  supracondylar  ri(]^es  is  difficult  to  account  for  unless  it  be 
pathological,  and  this  throws  the  whole  open  to  the  same 
suspicion. 

The  interest  of  the  specimens  in  relation  to  the  Trinil  femur 
lies  in  this  combination  of  the  two  factors,  morphological  and 
pathological ;  and  the  left  bone  suggests  a  simple  and  not 
impossible  hypothesis  as  to  the  cause  of  the  convexity  of  the 
popliteal  surface  of  the  fossil  femur. 


SKIAGRAPHY  AFTER  INJECTION  OF  THE  BLOOD- 
VESSELS  WITH  MERCURY.^  By  Harold  J.  Stilks, 
M.B.,  F.RC.  Ed.,  Senior  Denumstrator  of  Surgery,  University 
of  Sdiniwrgh.  (From  the  Surgical  Laboratory  of  the  Uni- 
versity of  Edinburgh.) 

Fhotographt  by  the  X  Rays,  or  Skiagraphy  as  it  is  now  called, 
althoagh  so  recently  discovered,  has  established  itself  as  a 
valuable  addition  to  the  diagnostic  methods  employed  in 
medidne  and  surgery.  Up  to  the  present,  anatomists  have 
made  little  use  of  it,  mainly  from  the  fact  that  the  shadows  cast 
by  the  viscera  are  not  sufficiently  well  defined. 

At  a  conjunct  meeting  of  the  Scottish  Branches  of  the 
British  Medical  Association,  held  in  Edinburgh  on  the  5th 
February  of  this  year,  Dr  Nathan  Row  of  Dundee  showed  some 
sidagiaphs  taken  after  injection  of  the  arteries  with  a  coloured 
plaster  solution.  These  photographs  were  particularly  interest- 
ing  to  me,  because,  before  seeing  them,  I  had  intended  to 
ascertain  what  results  could  be  obtained  by  employing  mercury 
for  the  same  purpose.  Mercury  naturally  suggested  itself  to  my 
mind,  firstly,  because  the  older  anatomists  employed  it  with  so 
much  success  for  injecting  the  lymphatics ;  and  secondly,  because, 
being  a  pure  metal,  I  thought  it  would  cast  a  shadow  deep 
enough  to  show  up  against  the  bones,  in  the  same  way  that  a 
bullet  does.  I  am  indebted  to  the  Medical  Supply  Association 
for  taking  the  skiagraph  here  reproduced.  It  gives  the  result 
of  my  first  experiment, — a  result  which  I  venture  to  think  is 
sufficiently  encouraging  to  warrant  my  directing  attention  to  it. 
It  was  taken  from  the  right  arm  which  I  had  removed  from  a 
child  aged  4  years,  on  account  of  tubercular  disease  of  the 
elbow,  which  was  too  advanced  for  excision.  Shortly  after  the 
operation  a  small  cannula  was  tied  into  the  brachial  artery ;  a 
piece  of  rubber  tubing,  about  two  feet  long,  was  attached  by  one 
end  to  the  cannula,  and  by  the  other  end  to  a  glass  funnel ;  the 

'  Read  at  the  meeting  of  the  Anatomical  Society  of  Great  Britain  and  Ireland, 
DaUm,  1897. 
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fusnel  was  then  elevated  above  the  level  of  the  limb,  and 
mercury  gradually  poured  into  it  By  elevating  the  mercuiy  to 
a  height  of  two  or  three  feet,  it  could  be  made  to  spurt  out  for  a 
considerable  distance  from  the  divided  vessels  at  the  amputation 
surface.  At  first,  it  seemed  doubtful  if  the  injection  had  been 
suoeeBsfnl,  as  only  about  10  c.e.  of  mercury  was  retained  in 
the  limb.  On  making  a  small  skin-deep  incision  into  the 
point  of  the  ring  finger,  minute  lobules  of  mercury  escaped, 
thus  showing  that  the  mercury  had  reached  the  smallest 
vessels.  Before  taking  the  skiagraph,  the  limb  was  interposed 
between  the  X  rays  and  the  screen,  with  the  result  that 
deep  shadows  of  the  vessels  were  distinctly  seen.  The  photo- 
graph shows  that  even  the  smallest  vessels  have  been  revealed, 
and  that  mercury  gives  infinitely  better  results  than  plaster  of 
paria  With  a  coil  giving  an  8-second  spark,  it  was  found  that 
an  exposure  of  90  seconds  showed  the  vessels  very  distinctly,  but 
not  so  the  bones,  which  were  over-exposed.  In  this  particular 
specimen  an  exposure  of  45  seconds  gave  the  best  results.  To 
show  the  arteries  distinctly  in  the  adult,  a  longer  exposure  is 
necessary,  in  order  to  diminish  the  depth  of  the  shadows  cast 
by  the  bunes,  and  so  as  not  to  obscure  the  vessels.  In  this 
hand,  the  radial  artery  does  not  appear  to  have  given  ofif,  either 
directly  or  indirectly,  any  definite  branch  to  complete  the 
superficial  palmar  arch  ;  indeed,  an  arch  can  hardly  be  said  to 
exist.  The  digital  branches  might  be  described  as  the  result  of 
three  bifurcations, — first  of  the  trunk,  then  of  its  external 
division,  and  finally  of  the  external  division  of  the  second 
bifurcation.  The  writer  cannot  help  thinking  that  the  classical 
description  of  the  ulnar  artery  in  the  palm  applies  only  in  the 
minority  of  case&  In  those  instances  in  which  the  '  arch '  is 
completed  by  the  radial,  the  anastomosiog  branch,  as  a  rule,  is 
not  only  small,  but  very  variable  as  to  its  mode  of  origin.  The 
superficialis  volse,  although  larger  than  usual,  has,  in  ttiis 
instance,  no  connection  with  the  ulnar,  and  appears  to  end  in  the 
muscles  of  the  thumb.  The  deep  branch  of  the  ulnar  arises,  as 
is  not  infrequently  the  case,  from  the  digital  branch  to  the  little 
finger.  In  point  of  size  and  direction,  it  would  appear  that  the 
arteria  princeps  pollicis  has  more  right  to  be  regarded  as  the 
continuation  of  the  radial  than  has  the  deep  arch.    The  loop 


86  MK  HAfiOLD  J.   STILBS. 

which  the  arteria  princeps  poUicis  exhibits  as  it  lies  in  the  web 
of  the  thumb  is  possibly  a  provision  for  preventing  undue 
stretching  of  the  vessel  when  the  thumb  is  fully  abducted ;  no 
such  loop  is  seen  in  the  photograph  taken  with  the  thumb  in  the 
latter  position.  It  must  be  left,  however,  to  other  specimens  to 
show  whether  this  looping  of  the  vessel  is  a  constant  condition. 
We  know  that  something  very  similar  occurs  at  the  elbow,  and 
possibly  also  at  the  knee.  The  rich  blood  supply  to  the  pulp  of 
the  fingers  and  the  matrix  of  the  nails  is  well  seen.  I  would 
draw  attention  also  to  the  two  collections  of  mercury  which  are 
situated  a  little  above  the  wrist.  At  first  sight  these  might  be 
taken  for  accidental  extravasations,  but  closer  inspection  shows 
that  the  mercury  is  confined  to  the  lower  ends  of  the  diaphyses 
of  the  bones  of  the  forearm.  This  is  of  interest  when  we 
remember  how  actively  growth  takes  place  in  this  situation 
during  childhood.  This  high  degree  of  vascularity,  combined 
with  the  slowness  of  the  circulation,  is,  as  is  well,  known,  the 
explanation  usually  given  for  the  frequent  occurrence  of  tubercle 
in  the  extremities  of  the  diaphyses  of  growing  bones.  The 
photograph  certainly  appears  to  lend  support  to  this  explana- 
tion. The  vascular  loops  which  the  vessels  form  on  the 
diaphysial  side  of  the  epiphysial  cartilage  are  not  only  very 
large,  and  reduced  to  a  single  layer  of  endothelium,  but  they  are 
also  very  badly  supported,  so  that  it  is  quite  possible  that  some 
of  them  may  have  given  way.  Although  the  skiagraph  has 
been  taken  from  a  child's  limb,  it  is  to  be  hoped  that  equally 
good  results  may  be  got  ui  adults  by  prolonging  the  exposure. 

The  writer  is  not  without  hope  that  the  employment  of  the 
X  rays  to  parts  which  have  been  injected  with  mercury  will 
prove  of  service  to  those  engaged  in  the  teaching  of  surgical 
anatomy  and  operative  surgery.  As  regards  the  arteries,  their 
general  course,  their  branches  and  anastomoses,  and  their 
relations  to  the  surface  are  well  brought  out.  It  seems  also 
that  this  method  opens  up  to  the  anatomist  a  field  of  investiga- 
tion worthy  of  his  attention.  Au  attempt  should  be  made  to 
record  the  position  of  the  various  organs  by  skiagraphy,  after 
injecting  their  blood-vessels  with  mercury :  such  organs  as  the 
spleen,  kidneys,  etc.  ought  to  lend  themselves  to  this  method  of 
investigation ;  and  perhaps  also  some  of  the  hollow  viscera 
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could  be  dealt  with  in  the  same  way.  Meicurial  injections  of 
the  lymphatics  ought  certainly  to  be  photograjdied  by  the  X 
rays,  as  it  is  posdble  that  in  this  way  more  l^ht  mi^t  be 
thrown  upon  the  paths  of  lymphatic  diaaemination  in  cancer. 
The  appearances  presented  by  efiFdsions  into  the  larger  joints 
could  readily  be  stimulated  and  recorded  by  filling  the  synovial 
cavities  with  mercuiy,  although  probably  the  weight  ol  the 
metal  would  somewhat  modify  the  appearances.  But  it  is 
useless  to  mention  further  directions  in  which  such  investigations 
may  be  pursued ;  they  are  sure  to  suggest  themselves  to  those 
who  are  interested  in  the  matter. 

ADDENDUM. 

Since  the  above  was  written,  I  have  been  fortunate  enough  to 
secure  the  co-operation  of  my  colleague  Dr  Harry  Bainy,  who 
has  taken  the  skiagraphs  of  the  injections  I  have  made.  These 
may  be  classed  into  three  groups : — Ist,  Injections  of  the  arteries 
of  the  Umbs ;  2nd,  of  the  vessels  of  certain  viscera  ;  3rd,  of  the 
trachea,  ureter,  etc. 

Before  describing  the  individual  photographs,  a  word  or  two  is 
necessary  regarding  the  precautions  which  must  be  taken  in 
making  the  injections. 

(1)  Hie  blood  should  be  thoroughly  washed  out  of  the 
vessels  before  introducing  the  mercury. 

(2)  Specimens  which  it  is  not  conveuient  to  photograph 
within  a  day  or  so  after  death,  should,  before  introducing  the 
mercury,  be  preserved  by  injecting  the  vessels  with  a  5  per  cent. 
solution  of  formalin. 

(3)  The  part  to  be  photographed  should,  whenever  possible, 
be  placed  in  the  position  in  which  it  is  to  be  photographed 
before  introducing  the  mercury.  If  this  point  is  not  attended 
to,  the  column  of  mercury  in  the  vessels  is  liable  to  be 
interrupted  by  subsequent  movement  of  the  part,  as  may  be  seen 
in  the  photograph  of  the  thigh. 

(4)  If  the  part  is  to  be  photographed  in  several  positions,  it 
should  be  moved  as  gently  as  possible.  As  mercury,  like  every 
mobile  fluid,  passes  readily  through  the  capillaries,  means  must 
be  taken  to  prevent  the  veins  being  injected  as  weU  as  the 
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arteries.  This  may  be  done  by  making  a  small  Bldn-deep 
inciBion  at  the  extremity  of  one  of  the  digits ;  and  the  moment 
tiie  murcuiy  appears  at  the  cat,  the  injection  Bbould  be  atopped. 
If eglect  of  this  precaution  in  one  of  tJie  earlier  injections  gave 
rise  to  the  appearance  shown  in  specimen  2. 

(5)  The  presBure  most  be    moderate,    and  should  not,  in 
ordinary  ciroomstancee,  exceed  30  mm.  of  mercury. 


(6)  The  best  photographic  results  are  obtained  by  expoeures 
somewhat  longer  than  those  required  in  clinical  work. 

PhoU^aph  No.  3  is  taken  from  a  child  aged  2^  yean,  in 
whom  the  anterior  abdominal  wall,  the  stomach,  the  liver,  and 
the  small  intestine  had  been  removed.  The  injecti<»i  was  mule 
from  the  abdominal  aorta.  On  the  left  side  the  column  of 
mercury  has  been  extensively  interrupted  in  several  places,  in 
consequence  of  the  body  havii^  been  moved  about  on  variona 
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oocBsioiis  between  injecting  and  photographing  it  In  interpret- 
ing the  appearances  shown  in  this  photograph,  it  must  be 
remembered  that  the  structures  revealed  are  merely  shadows 
cast  upon  one  plane,  so  that  vessels  which  cross  must  not  be 
cfflisidered  as  anastomosing ;  but  after  allowing  for  this,  it  is 
very  obvious  that  a  very  free  communication  exists  between 
(he  branches  of  the  larger  trunka  The  photc^aph  illustrates 
very  forcibly  the  anastomoses  which  would  be  concerned  in 
carrying  out  the  collateral  circulation  after  ligature  of  the 
various  main  vessels :  for  example,  the  anastomoses  between  the 
branches  of  the  internal  iliac  and  those  of  the  profunda  are  well 
brcnight  out,  and  they  show  how  the  collateral  circulation  would 
be  brought  about  after  ligature  of  either  the  external  iliac  or  the 
common  femoral  arteries. 

Phot(^raph  No.  4  (child,  set.  2^  years)  is  of  interest  as  show- 
ing the  considerable  interval  which  exists  between  the  popliteal 
artery  and  the  trigone  of  the  femur,  when  the  leg  is  flexed.  It 
abo  flhows  what  a  gradual  curve  the  vessel  makes  at  the  knee, 
thus  contrasting  with  the  loop  already  referred  to  upon  the 
artena  princeps  poUicis  at  the  web  of  the  thumb. 

Photc^raph  No.  5,  from  the  same  limb,  shows  the  level  of  the 
bifurcation  of  the  popliteal  artery  and  of  the  origin  of  the  peroneal. 
Hie  way  in  which  the  anterior  tibial  artery  passes  in  the  first 
instance  forwards  to  gain  the  front  of  the  interosseous  membrane 
is  (o  be  noted,  as  it  explains  how  it  is  that  the  vessel  is  so  liable 
to  retract  behind  that  membrane  in  amputating  the  leg  at  the 
seat  ol  election.  The  relation  of  the  same  artery  to  the  tibia  is 
well  shown. 

In  Photograph  No.  6  (child,  set  2^  years),  the  renal  artery  was 
injected  on  the  right  side,  and  the  ureter  on  the  left  The  form, 
size,  position,  and  axis  of  the  kidney  are  shown,  as  also  is  the 
dendritic  plan  of  its  blood  supply  (fig.  2).  The  relatively  large 
size  of  the  organ  in  the  child  is  shown  by  the  fact  that  it  reaches 
from  the  upper  border  of  the  12th  dorsal  vertebrae  to  the  lower 
border  of  the  3rd  lumbar.  Its  long  axis  is  almost  vertical 
instead  of  being  oblique,  as  is  the  case  in  the  adult.  The  hilum 
is  opposite  the  lower  border  of  the  1st  lumbar  vertebra.  Th6 
centre  of  the  pelvis  of  the  left  kidney  is  opposite  the  irppet 
border  of  tiie  2nd  lumbar  vertebra,  just  below  the  tip  ol  the 
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demonstratmg  tbe  lamifications  of  the  bronchial  trea  Where 
the  lungs  are  healthy,  the  mercury  has  found  its  way  to  ihe 
ahreoli,  and  has  produced  a  uniformly  black  shadow.  In  the 
diseased  portions  of  the  lung  the  inflammatory  exudation  has 
Umited  the  injection  to  the  bronchial  tree  and  the  infundibula. 
The  bifarcation  of  the  trachea  is  seen  at  the  level  of  the  4th 
dorsal  vertebra,  the  root  of  the  left  lui^  at  the  level  of  the  Sth. 
The  regularity  of  the  lower  border  of  the  right  lung  is  to  be 
noted ;  it  is  seen  to  extend  down  to  the  level  of  the  an^e  of  the 
11th  rib.  The  sharp  and  straight  outline  made  by  the  posterior 
border  of  the  lung  is  somewhat  striking. 

We  ihink  these  experimental  results  are  sufficiently  encourag- 
ing to  warrant  further  work  along  the  same  lines. 


ON  A  FUNCTIONAL  ADAPTATION  OF  PHAGOCYTOSIS.^ 

By  Dr  C.  Dk  Bruynk,  Ghent 

Ths  results  of  many  observations,  undertaken  by  different  anato- 
mists, have  conclusively  proved  that  the  white  corpuscles  of  the 
vertebrates  can  permeate  the  investing  tieeues,  and  can  make  their 
way  by  amoeboid  movement  on  to  the  external  or  internal  sur- 
face of  the  body.  These  facts  are  so  generally  recognised  that 
they  scarcely  constitute  a  matter  of  dispute. 

I  have  studied  analogous  phenomena  in  certain  invertebrates, 
more  particularly  in  lamellibranch  mollusc&  In  these  animals 
the  mucous  covering  of  the  gills  contains  a  considerable  number  of 
leucocytes,  which  have  for  the  greater  part  lost  their  normal  appear- 
ance. It  has  been  my  endeavour  to  ascertain  by  what  means 
these  leucocytes  have  attained  this  situation.  I  have  already  pub- 
lished the  results  of  a  large  series  of  experiments,^  in  which  I 
have  been  able  actually  to  observe  the  sortie  of  the  leucocytes 
through  the  ciliated  epithelium  forming  the  superficial  covering 
of  the  gilla  This  examination  in  vivo  has  furnished  me  with 
results  which  fully  confirm  those  obtained  post-mortem  in  the 
vertebrates  by  other  observers. 

The  larger  number  of  the  leucocytes  thus  permanently  quitting 
the  body  of  the  lamelUbranch  are  carriers  of  waste  products,  whidi 
are  very  diverse  in  nature  (histolytic  residues,  urinary  concre- 
tionSi  etc.).  In  the  particular  case  of  the  green  oyster  of  Ma- 
rennes,  the  inclusions  of  the  leucocytes  are  tinted  green  by  the 
substance  diatomine,  termed  marennine  by  Prof.  Bay  Lankester, 
derived  from  the  diatom  Navicularia  ostrearia,  on  which  the  animal 
more  especially  feeds.  The  leucocytes,  transformed  into  phagocytes, 
are  continually  arriving  on  the  surface  of  the  gills,  carrying  outside 
the  body  substances  which  are  either  harmful,  or  more  or  leas 
useless  to  the  organism.    In  the  course  of  my  experiments  I 

^  Read  at  the  meetmg  of  the  Anatomical  Society  of  Great  Britain  and  Ireland, 
Dublin,  1897. 

^  *'  Contribution  a  I'^tude  de  la  phagocytoee,'*  M^moires  eottraimh  ei  M^moira 
(Us  Savants  4lrangera,  publics  par  I'Academie  royale  de  Belgique,  T.  liv.,  1894  ; 
te  Archives  de  Biologies  T.  ziv.,  1895. 
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treated  Anodonta  or  Unio  with  injections  of  fine  and  insoluble' 
ponders,  or  I  plunged  them  for  two  or  three  days  in  a  weak 
solution  (1  in  10,000)  of  methylene  blue,  and  in  both  cases  I 
constantly  found  numerous  leucocytes,  charged  with  both  foreign 
matter  and  pigment,  making  their  way  towards  the  surface  of 
the  hodjj  and  traversing  the  epithelium  in  order  to  gain  the 
superficial  mucus.  From  the  results  of  my  experiments,  I  have 
come  to  the  conclusion  that  this  process  must  be  regarded  as  an 
epuration  of  the  tissues,  and  one  which,  under  certain  circum- 
stances, may  be  very  energetic,  and  of  considerable  importance. 

Hie  female  Unionidse  of  the  Old  World  and  of  N.  America  ^ 
afford  a  lodging,  by  means  of  the  interf  oliary  chambers  of  their 
external  giUs,  to  the  fertilised  eggs,  which  undergo  a  certain 
amount  of  development  in  this  situation.  During  this  period 
the  embryos  play  the  part  of  parasites,  benefiting  from  condi- 
tioDB  which  are  essentially  favourable  to  their  development :  at 
a  later  period,  after  they  have  deserted  the  mother,  they  con- 
tinue their  phagocytary  life  in  the  skin  of  a  fish.^  It  has  been 
stated,  however,  that  during  this  epoch  of  incubation  the  exodus 
of  the  maternal  leucocytes  increases  largely,  exceeding  that  which 
takes  place  at  ordinary  times ;  further,  that  a  considerable  num- 
ber of  these  leucocytes  are  absolutely  normal  in  appearance. 
The  combined  results  obtained  from  my  fresh  dissections,  from 
my  sections  made  with  the  freezing  microtome,  and  from  my 
preparations  which  have  been  stained  and  fixed,  have  led  me  to 
the  conclnsion  that  this  increase  in  the  phenomenon  is  a  kind 
of  reaction  of  the  maternal  organism  against  the  parasite;  in 
other  words,  that  this  is  a  case  of  iaflammation  in  the  sense  that 
Metchnikoff  uses  the  word.^  Undoubtedly,  the  leucocytes  thus 
brou^t  face  to  face  with  the  embryos,  enter  into  a  contest  with 
diem, — a  contest,  the  different  phases  of  which  may  be  easily 
followed.  The  vigorous  and  normally  formed  embryos  continue 
their  development  in  this  nutritive  medium,  successfully  resist- 
ing the  attacks  of  the  leucocytes,  and  even  living  on  their  resi- 
dues.    On  the  other  hand,  the  unfertilised  e^s,  together  with 

*  Tbe  embryos  of  the  Unionidae  of  S.  Amerioa  do  not  inhabit  the  matenuil 

*  V.  Fanasek,  Biolog.  Centralhlatt,  xv.  (1895),  p.  115. 

'  Metchnikoff,  Pathologu  eomparA  (TinflammcUi^yfif  PariB,  1892. 
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the  feeble  or  abnormal  embryos,  suocumb :  tfaey  may  be  partially 
or  totally  devoured  by  the  leucocytes,  or  are  swept  away  with 
the  other  residues  by  the  regular  vibratile  play  of  the  cilia.  Tlus 
process  must  be  regarded  as  one  of  natural  selection,  in  which 
only  the  normal  and  vigorous  embryos  are  able  to  maintain  their 
existence,  while  the  development  of  those  which  are  feeble  or 
abnormal  is  arrested  at  a  very  early  stage. 

In  the  case  quoted  above,  the  embryo  may,  as  I  have  just 
described,  be  washed  away  by  the  currents  of  water  caused  by  the 
movements  of  the  vibratile  dlia.  If,  however,  they  have  attained 
a  certain  d^ee  of  development,  this  method  of  removal  may 
prove  ineffectual,  and  the  embryos  or  their  remains  may  persist 
in  sUu,  and  undergo  there  all  the  stages  of  progressive  disin- 
tegration (decomposition).  Obviously,  such  a  train  of  circum- 
stances will  prove  a  source  of  serious  trouble  to  the  host.  In 
such  an  event  the  defence  of  the  mother  against  the  parasite  be- 
comes reorganised,  and  the  reaction  enters  into  a  new  phase. 
The  leucocytes  being  unsuccessful  in  removing  the  residues  hj 
absorption,  group  themselves  about  them,  and  so  dispose  them- 
selves as  to  construct  a  complete  and  perfectly  closed  cyst.  This 
case  is  analc^ous  to  that  of  the  Bhabditis,  which  becomes  en- 
cysted by  the  rapid  accumulation  around  it  of  the  leucocytes  of 
its  host  the  Lumbricus,  and  is  thereby  rendered  harmless.  The 
disintegrated  embryos,  thus  shut  up  in  a  cystic  wall,  constitute 
with  it  a  single  mass,  which  plays  the  part  of  a  foreign  body,  and 
the  only  injurious  effect  of  which  is  to  compress  the  surrounding 
tissues.  Occasionally  a  large  number  of  embryos  or  their 
remains  tend  to  accumulate :  under  these  circumstances  a  single 
cyst  may  be  formed  around  them,  and  the  phenomenon  peases 
through  the  same  stages  as  take  place  in  the  encystment  of  a 
single  embryo. 

Thus  it  is  apparent  that  phagocytosis  normally  takes  place  in 
the  tissues  of  the  lamellibranch  molluscs.  Subsequently  an 
exodus  of  the  leucocytes  takes  place :  they  make  their  appearance 
on  the  surface,  more  particularly  on  the  gills,  constituting  an 
epuration  of  the  tissuea  Further,  at  the  period  during  which 
the  embryos  accumulate  in  the  gill-blades,  the  exodus  asBmnes 
enormous  proportions,  its  functional  rdle  is  modified,  and  it  con- 
stitutes a  reaction  of  the  mother  against  the  parasitic  embrya 
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This  reaction,  which  involyee  a  natoial  selection,  has  two  very 
distinct  phases, — 

(a)  A  successful  combat  of  the  leucocytes  against  the  feeble 

or  unhealthy  embryos. 

(b)  An  encystment  of  these  embryos  when  they  have  become  too 

nimierous,  or  have  attained  too  advanced  a  development 
I  regard  this  case  as  essentially  a  functional  adaptation  of 
pluigDcytoBi& 


OBSERVATIONS  ON  THE  DEVELOPMENT  AND  NUTRI- 
TION  OF  BONE  AND  CARTILAGE,  AND  ON  THE 
RELATIONS  OF  CONNECTIVE  TISSUES  TO  EACH 
OTHER  IN  HEALTH  AND  DISEASE.^  By  Professor 
Redfbrn,  M.D.  Lond.,  F.RC.S.  Eng. 

I  WISH  to  bring  under  the  consideration  of  the  Society  certain 
conditions  of  connective  tissues,  especially  of  cartilage  and 
bone,  which  I  believe  are  not  sufficiently  recognised,  and  which 
point  to  more  simple  explanations  of  developmental  and 
diseased  actions  than  are  usually  offered. 

I  think  it  can  be  proved  that  every  living  tissue  possesses 
inherent  powers  of  maintenance ;  and  in  diseased  states,  of 
active  anatomical  changes,  independent,  for  their  existence  at 
any  rate,  of  the  surrounding  tissues,  or  on  a  supply  of  vessels 
and  nerves.  That  is  to  say,  every  tissue  has  a  power  of  its  own 
to  do  its  own  work, — to  maintain  its  healthy  adult  characters, 
or  to  change  its  texture  and  assume  the  anatomical  characters  of 
other  healthy  tissues,  possibly  those  of  diseased  ones.  Notwith- 
standing, when  such  a  tissue  forms  part  of  a  composite  body, 
such  as  the  human,  it  influences  the  other  tissues,  and  is  influ- 
enced by  them,  whether  for  the  maintenance  of  healthy  or 
diseased  conditions. 

And  such  tissue-power,  manifested,  it  may  be,  under  normal 
conditions  by  changes  which  go  on  so  slowly  as  to  be  observed 
with  difficulty,  may,  under  altered  circumstances,  be  exercised  so 
rapidly,  and  lead  to  appearances  so  startling  and  different  from 
the  original,  as  to  obscure  their  origin,  and  to  have  led  to  the 
changed  tissues  having  been  described  as  altogether  new,  and 
derived  from  some  extraneous  source. 

A  simple  illustration  will  make  this  clear.  An  articular 
cartilage  may  be  examined  repeatedly  without  definite  indica- 
tions of  its  continual  change,  or  capacity  for  change,  being 
observed,  but  after  an  injury,  or  the  occurrence  of  phlebitis 

^  Read  at  the  meeting  of  the  Anatomical  Society  of  Great  Britain  and  Ireland, 
Dublin,  1897. 
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after  blood-letting,  as  in  caaea  related  by  Mr  Mayo  and  Mr 
Lawrence  respectively,  complete  removal  or  destmction  of  soch 
large  cartilages  as  those  of  the  ankle  and  knee  jointB  has  taken 
place  within  a  month,  or,  as  in  Mr  La¥rrenoe'8  case,  in  4  days. 
And  in  dogs  and  rabbits  I  fonnd  that  in  from  3  to  6  days  the 
parts  of  costal  cartilages  through  which  a  silk  thread  had  been 
paned,  or  such  as  had  been  surrounded  by  a  ligature,  had  be- 
come converted  into  a  cellular  gelatinous  mass,  very  difficult  to 
recognise  as  having  been  formed  out  of  the  original  cartilaga 

In  these  instances  it  must  be  remembered  that  the  initatiMi 
was  continued  for  some  time,  but  when  the  thyroid  cartila^  is 
cut,  in  a  case  of  cut  throat,  and  in  instances  of  fractured  carti- 
lage, the  changes  are  so  slow  that  for  long  it  was  doubted  if 
soeh  injuries  were  ever  followed  by  healing.  Dr  Leidy,  in  an 
excellent  paper  on  articular  cartilage,  in  1849,  expressed  himself 
v^y  strongly  on  this  point, saying,  "As  well  almost  mi^t  the 
two  opposed  surfaces  of  articular  cartilage  unite  in  a  joint  in 
which  there  is  little  motion  as  for  the  two  broken  edges  at  one 
to  do  so/' 

When  I  had  made  incisions  in  Uie  articular  cartilages  of 
dogs,  neither  microscopic  nor  visual  changes  were  manifest  7 
days  after,  but  abundant  proliferation  of  the  cells  adjacent  to 
the  injured  part  were  found  after  49  days  (fig.  17),  and  perfect 
fibrous  union  after  24  weeks  (figs.  18  and  19).  There  is  now  a 
general  admission  that  wounds  in  cartilages  heal  by  the  forma- 
tion of  fibrous  tissue.  That  is  to  say,  a  cartilage  like  the 
articular  is  capable  by  its  own  inherent  power,  and  without  any 
assistance  from  without,  of  transforming  its  elements,  cells,  and 
hyaline  substance  into  the  corpuscles  and  fibres  of  that  other 
form  of  connective  tissue  which  we  know  as  fibrous  tissue. 

I  believe  it  is  neither  known  nor  suspected  how  frequently 
many  joints  in  a  limb  undergo  great  abnormal  nutritive  changes 
in  succession.  When  serious  disease  in  one  joint  has  led  to 
amputation  or  caused  death,  the  anxiety  to  determine  the 
characters  of  the  disease  by  the  naked  eye  and  a  prolonged 
microscopical  examination  often  leads  to  the  neglect  of  the 
other  joints.  When  these  are  examined  in  succession,  those 
near  the  most  diseased  one  often  present  structural  changes 
similar  to  those  in  the  joint  first  attacked  ;  whilst  the  distant 
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ones  are  ofteu  very  difficult  to  open,  because  of  changes  of 
structure  producing  cartilaginous,  fibrous,  calcareous,  or  bony 
anchylosis.  On  tearing  open  such  joints,  which  often  requires 
great  force,  the  opposed  cartilages  are  seen  to  be  the  seat  of 
changes  in  their  cells  and  hyaline  substance,  which,  with  inter- 
mixture of  the  elements  of  the  opposed  surfaces,  and  a  change 
of  them  into  a  firmer  form  of  connective  tissue,  explains  why 
they  cohere  so  firmly. 

On  such  surfaces  numerous  bloody  points  are  often  seen. 
These  are  the  ends  of  torn  blood-vessels  which  have  been  formed 
in  the  new  tissue  into  which  parts  of  the  cartilage  have  been 
converted. 

Mr  Liston,  in  the  xxiii"^**  vol.  of  the  Med.-Chirurgical  Tranaojo- 
tioiiSy  described  and  gave  a  drawing  of  loops  of  blood-vessels 
which  he  had  injected,  and  which  he  looked  upon  as  indicating 
the  vascularisation  of  cartilage.  After  the  injection  of  the 
vessels  of  such  amputated  limbs  as  those  to  which  I  have  just 
referred,  I  found  abundant  loopings  of  blood-vessels  in  the 
deeper  parts  of  the  cartilagea  But  instead  of  such  vessels 
being  in  contact  with  the  cartilage,  they  are  formed  in  the 
midst  of  medullary  matter  produced  out  of  the  cartilage  by 
proliferation  of  its  cells.  The  changed  action  of  the  non- 
vascular cartilage  has  transformed  it  into  a  vascular  cellular  or 
medullary  mass,  destined  for  further  changes. 

In  many  parts  of  such  joints  the  unitiug  matter  of  the 
opposed  cartilages  is  fibro-cartilage,  in  which,  as  well  as  in  the 
deeper  parts  of  the  hyaHne  cartilage,  calcification  leads  to  the 
formation  of  primary  bone,  and  subsequently  to  the  true 
laminated  bone  of  bony  anchylosis. 

Thus  it  appears  that  when  an  altered  and  healthy  nutritive 
action  can  be  secured  in  a  diseased  joint,  it  is  possible  that 
perfect  bony  anchylosis  may  happen  by  indirect  transformation 
of  the  articular  cartilage  into  bone, — a  much  more  advantageous 
result  than  the  very  rare  union  of  bones  deprived  altogether  of 
their  articular  surfaces  by  the  destructive  action  of .  disease,  and 
no  longer  held  firmly  in  contact  by  the  ligaments,  which  are 
then  too  long  for  their  purpose. 

The  suspension  of  the  increase  in  length  of  long  bones  by 
ossification  at  the  line  of  junction  of  temporary  and  permanent 
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cartilage,  and  the  rare  ossification  of  permanent  or  articular 
cartilage,  suggests  the  existence  of  a  marked  difference  in  the 
vital  action  of  these  two  forms  of  cartilage,  and  makes  it  desir- 
able to  have  positive  evidence  that  articular  cartilage  can  be 
transformed  into  bone. 

This  can  be  got  by  examining  ebumated  or  porcellaneous 
parts  of  articular  surfaces.  I  believe  it  has  not  been  noticed 
that  the  free  surfaces  of  such  parts  are  nearly  on  the  original 
level  of  the  articular  cartilage,  and  that,  in  general,  the  level 
of  the  other  parts  of  the  cartilage,  greatly  changed  in  structure, 
is  considerably  below  that  of  the  porcellaneous  parts ;  indeed, 
frequently  veiy  little  of  those  parts  of  the  cartilage  remains  on 
the  bone. 

Sections  of  porcellaneous  parts  show  them  to  be  formed  of 
excessively  dense  bone,  such  as  is  never  formed  where  the  bone 
has  been  preceded  by  ordinary  temporary  cartilage.  Enclosed 
in  the  bony  tissue,  here  and  there,  are  small  blocks  of  easily 
recognisable  articular  cartilage,  as  yet  free  from  ossification,  and 
giving  positive  evidence  that  the  position  of  the  porcellaneous 
part  was  once  occupied  by  articular  cartil^e.  When  two 
surfaces  of  such  newly  formed  ivory-like  bone  move  on  each 
other,  they  become  highly  polished,  and  often,  especially  in 
ginglymoid  joints,  ground  into  mutually  fitting  ridges  and 
grooves.  The  polish  of  such  surfaces  is  such  as  cannot  be  given 
by  any  amount  of  friction  to  ordinary  bone. 

The  vital  power  of  temporary  and  permanent  cartilage  is 
widely  different,  and  it  is  only  when  the  general  conditions 
have  become  greatly  changed  that  permanent  cartilage  is  trans- 
formed into  very  dense  bone,  and  an  ivory-like  polish  is  ever 
given  to  the  part. 

The  suggestion  that  a  porcellaneous  surface  is  the  result  of 
friction  of  an  articular  surface  which  has  been  deprived  of  its 
cartilage  has  probably  arisen  from  an  imperfect  appreciation  of 
the  level  of  such  surfaces,  in  comparison  with  the  original  level 
of  the  whole  articular  surface. 

Permit  me  now  to  direct  the  attention  of  the  Society  for  a 
few  moments  to  the  exquisitely  adapted  anatomical  structure  of 
articular  surfaces,  and  to  the  cause  of  the  terrible  suffering 
which  often  occurs  when  these  parts  become  diseased 
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The  blood-vessels  of  bone,  covered  by  their  porous  Haversian 
layers,  end  in  a  series  of  arches  under  the  cartilage,  giving, 
like  the  series  of  arches  of  a  railway  viaduct,  very  great 
resistance  to  pressure  on  the  summit  of  these  arches,  by  a  verj 
small  amount  of  material.  The  intervals  of  adjacent  arches  are 
occupied  by  nearly  solid  calcified  cartilage,  as  the  intervals  of 
the  arches  of  railway  viaducts  are  filled  by  ballast ;  and  the  sur- 
face, now  presenting  only  slight  inequalities,  is  covered  bj 
highly  elastic  articular  cartilage,  in  direct  contact  with  the 
porous  bone  only  here  and  there,  at  the  summit  of  the  arches 
of  occasional  bony  layers. 

The  bone,  largely  supplied  with  blood  in  its  Haversian  canals, 
is  freely  irrigated  throughout  with  nutritive  fluid  by  its  canali- 
culi; — the  cartilage,  whether  traversed  everywhere  by  lym- 
phatic canals  or  not,  is  capable  of  taking  up  coloured  fluids 
into  all  its  parts,  and  is  deeply  coloured  by  bile-stained  blood- 
plasma  in  jaundice,  whilst  the  nearly  solid  calcified  cartilage 
between  the  bone  and  the  elastic  cartilage,  both  so  complete!; 
saturated  with  nutritive  fluid,  is  only  just  able  to  transmit 
sufficient  nutritive  fluid  through  its  solid  mass  to  keep  it  alive. 
It  discharges  an  admirable  mechanical  function  on  the  articular 
surface,  but  cannot  be  expected  to  manifest  active  nutritive 
changes. 

Let  us  now  follow  these  tissues  when  a  limb  suffers  seriously 
from  abnormal  nutrition.  One  or  more  joints  are  seriously 
destroyed,  their  cartilages  are  softened,  and  almost  entirely  con- 
verted into  a  soft,  semi-fluid  mass,  in  which  it  is  difficult  to 
recognise  the  structure  of  disintegrating  cartilage  ;*— what 
remains  of  the  articular  cartilage  tears  easily  from  the  bone 
where  this  has  become  transformed  into  a  soft  cellular  mass; 
and  the  synovial  membrane  has  participated  in  the  general 
disintegrating  change. 

We  look  at  the  other  parts  of  the  limb, — needles  pass  readily 
into  all  except  the  dense  parts  of  the  shafts  of  the  bones.  On 
looking  into  the  joints,  many  of  them  seem  at  first  sight  but 
little  changed ;  but  on  looking  more  carefully,  the  free  surface 
of  the  cartilages  is  seen  to  have  lost  much  of  its  substance,  and 
to  have  become  softened,  roughened,  and  thinned,  especially 
near  the  edges  of  the  surfaces.     On  inserting  one  blade  of  a  pair 
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of  forceps  under  the  eiige  of  the  thinned  cartilage,  it  tears  from 
the  bone  with  great  ease,  frequently  in  a  single  piece.  The 
bone  is  softened,  and  more  or  less  converted  into  a  soft  granula- 
tion mass,  which  has  broken  up  in  the  tearing  ofif  of  the  cartilage. 
If  it  be  a  lower  limb,  such  cartilages  as  those  on  the  upper 
part  of  the  astragalus  may  be  torn  off  from  the  lateral  and 
npper  articular  surfaces  in  one  piece,  whilst  in  some  of  the 
smaller  joints  of  the  foot  various  stages  of  cartilaginous,  fibro- 
cartilaginous, or  oeseous  anchylosis  may  be  observed. 

Let  us  now  take  one  of  these  detached  cartilages  between  the 
finger  and  thumb.  Its  deep  or  attached  surface  is  as  rough  as 
a  piece  of  sandpaper,  for  its  calcified  articular  lamella,  moulded 
on  the  rounded  ends  of  the  Haversian  systems  and  their  inter- 
spaces, has  come  off  from  them  unchanged,  though  the  bone  has 
lost  its  lime  salts,  and  has  become  converted  into  a  soft  granula- 
tion mass,  the  superficial  surface  of  the  hyaline  cartilage  having 
attiiesame  time  undergone  considerable  change,  and  lost  greatly 
in  substance,  whilst  its  continuity  with  its  deep  calcified  lamella 
has  remained  unaffected. 

Il;  is  plain  what  has  happened.  The  parts  most  under  the 
influence  of  nutrition — the  bone  and  the  elastic  cartilage — have 
yielded  to  the  destructive  influence  of  the  abnormal  nutritive 
action,  whilst  the  nearly  solid  calcified  cartilage  has  resisted  any 
change  to  the  last,  and  retained  even  its  lime  salts  and  its 
hardneffl. 

What  is  the  effect  of  this  in  the  living  body  ?  In  the  state 
of  health,  the  vessels  and  nerves  of  the  Haversian  canals  of  the 
bone  are  preserved  from  injury  by  the  hard  layers  of  the  Haver- 
sian systems  covering  them  in,  but  in  the  diseased  state  these 
layers  have  become  resolved  into  a  soft  cellular  mass,  which 
allows  the  sharp  edges  of  the  projections  on  the  lower  surface 
of  the  calcified  cartilage  to  tear  both  blood-vessels  and  nerves, 
and  produce  small  extravasations  of  blood,  and  terrible  agony 
from  laceration  of  the  nerves. 

In  these  states  pressure  of  the  articular  surfaces  against  each 
other  compresses  the  nerves  and  vessels,  producing  but  little 
pain :  but  when  rotation  is  added  to  pressure,  the  spicules  of 
the  deep  surface  of  the  calcified  cartilage  are  dragged  through 
the  nerves  and  vessels,  producing  the  terrible  agony  which  has 
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SO  long  been  noted  as  indicating  disease  of  the  cartilage  and 
bone,  and  which  occurring  repeatedly  from  spasms  of  the  limb 
on  attempts  at  sleep,  exhaust  the  sufferer,  and  compel  resort  to 
amputation. 

Let  us  turn  now  very  brieOy  to  the  evidence  that  tissue 
changes  are  the  results  of  the  vital  activity  of  the  tissues 
themselves ;  that  tissues  do  their  own  work,  and  are  not  indebted 
to  others  outside  them ;  that  new  forms  of  tissue  are  produced 
in  the  places  where  we  find  them  out  of  the  materials  previously 
existing  in  those  parts. 

I  believe  if  this  be  established  it  will  greatly  simplify  our 
conceptions  of  many  physiological  and  pathological  processes. 

An  articular  cartilage,  previously  smooth  and  compact,  often 
presents  irregular  cavities,  as  the  result  of  softening,  and 
molecular  disintegration,  ulceration,  without  the  aid  of  any 
other  tissue  or  visible  change  in  its  own  deeper  parts. 

The  instances  in  which  it  had  been  supposed  that  pits  on  cartila- 
ginous surfaces  had  been  produced  by  the  agency  of  a  new  vascular 
and  cellular  membrane  with  nipple-like  processes  occupying 
the  pits,  and  easily  drawn  out  of  them  (figs.  3,  4,  5,  7,  8,  9, 10, 
13,  18,  19),  were  cases  of  increased  proliferation  of  cartilage 
cells,  with  accompanying  softening  and  fibrillation  of  the  hyaline 
substance,  leading  to  the  production  of  a  fibro-cellular  layer  out 
of  the  original  tissue,  firm  enough  to  be  torn  off,  with  its 
nipple-like  processes,  from  the  cartilage,  and  not  unfrequently 
forming  a  permanent  fibrous  cicatrix. 

In  perfectly  healthy  cartilages,  wounds  heal  in  this  way,  the 
uniting  fibrous  membrane  presenting  projections,  and  the  carti- 
lage corresponding  pits,  where  enlargement  and  proliferation  of 
the  contents  of  the  original  cells  form  a  soft  cellular  mass, 
which  in  its  turn  becomes  a  firmly  adherent  fibrous  membrane, 
with  corpuscles  on  its  fibrous  bundles  (see  figs.  17,  18,  and 
19). 

The  so-called  Howship's  lacunae,  and  their  contained  cells, 
are  similar  instances  on  the  surface  of  bones  and  the  fangs  of 
teeth,  believed  to  be  in  process  of  absorption.  As  in  many 
another  instance,  an  exalted  action,  enlargement,  and  multiplica- 
tion of  the  contents  of  certain  cells  has  taken  place,  and  these 
soft  masses,  lying  on  the  bone  yet  unsoftened,  separate  readily 
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from  it  during  their  examination,  and  leave  the  hollow  cavities 
called  Howship's  lacume.  Their  subsequent  destination  varies 
in  different  instances.  Because  of  their  frequent  presence  when 
bone  loses  its  calcareous  matter  and  its  structure  changes,  thev 
have  been  said  to  be  agents  in  absorption  of  bone;  but  they 
are  not  always  present,  and  are  not  therefore  essential  in  this 
process,  the  greatest  amount  of  bony  disintegration  taking  place 
in  the  presence  of  small  succulent  ceUs,  possibly  the  result  of  a 
want  of  cohesion  of  the  elements  which  elsewhere  make  up 
th^e  giant  ceUs. 

It  is  difficult  to  see  the  consistency  of  the  view  that  myelo- 
plaxes,  when  called  osteoclasts,  should  be  regarded  as  agents  in 
absorbing  bone ;  and  on  other  occasions,  when  called  osteoblasts 
should  be  r^arded  as  agents  in  forming  bone. 

I  am  not  aware  of  any  one  but  Mr  J.  Greig  Smith  ^  who  has 
hitherto  ventured  to  suggest  doubts  whether  giant  cells  are 
agents  connected  with  the  absorption  of  bone.  And  I  think  a 
careful  consideration  of  the  continual  production  of  Haversian 
spaces  to  be  in  their  turn  converted  into  ne^  Haversian  systems 
in  the  normal  nutrition  of  bone,  as  was  suggested  and  demon- 
strated by  Messrs  Tomes  and  De  Morgan,  points  to  entirely 
different  views  on  the  process  of  absorption.  The  lime  salts 
may  be  removed  and  the  structure  changed,  so  as  to  be  no 
longer  rec<^nisable  as  bone,  without  the  presence  of  giant  cells 
at  all. 

Daring  the  formation  of  bone  which  had  been  preceded  by 
cartilage  and  calcified  cartilage,  there  is  an  almost  insensible 
removal  of  the  parts  of  the  calcified  cartilage  no  longer  necessary 
for  support,  whilst  the  cells  which  constitute  the  medullary 
material  formed  out  of  the  contents  of  the  cartilage  cells 
are  engaged  in  the  production  of  true  laminated  bone. 

This  is  another  instance  in  which  the  original  tissue  trans- 
forms itself  into  different  adult  tissues  by  its  own  vital  power, 
into  calcified  cartilage,  bony  layers,  blood-  and  lymph-vessels, 
nerves  and  marrow. 

Heitzman  has  well  described  and  figured  the  transformation 
of  cartilage  into  medullary  cells,  and  traced  the  formation  of 
blood  corpuscles  and  blood-vessels  at  individual  parts   of  the 

^  Journ.  of  AnauL  and  Phys,,  vol.  zvi.,  Jan.  1882. 
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tissue  forming  bone  from  cells  which  he  calls  hsematoblasts ; 
whilst  the  medullary  cells  surrounding  them  are  engaged  in  the 
formation  of  the  tissue  of  truly  laminated  bona  He  explains 
the  formation  of  myeloplaxes  as  due  to  the  ooalescenoe  of 
medullary  corpuscles  in  a  territorial  form,  and  refers  to  Ziegler's 
demonstration  of  their  formation  by  cells  migrated  between 
two  glass  plates  as  the  probable  explanation  of  their  occupation 
of  the  cavities  produced  in  ivory  pegs  and  dead  bone  by  decalci- 
fication and  liquefaction. 

The  appearance  of  blood-vessels  in  bone  in  the  early  stages 
of  its -formation  has  been  usually  described  as  due  to  intrusions 
or  ingrowths  of  vascular  periosteum  or  of  periosteal  vessels, 
without,  I  think,  any  sufficient  evidence  that  such  things  occur 
at  all.  That  blood  and  blood-vessels  form  out  of  the  cells  of 
medullary  matter,  the  result  of  development  of  cartilage  cells  in 
spaces  more  or  less  closed  in  by  calcified  trabeculse,  can,  I  think, 
be  satisfactorily  demonstrated.  This  method  of  development  is 
consistent  with  the  mode  of  development  of  blood  and  blood- 
vessels in  the  embryo,  and  adds  to  the  instances  showing  that 
tissues  are  capable  of  effecting  their  own  changes. 

In  conclusion,  let  me  submit  the  following  considerations : — 

The  fibro-nucleated  membrane,  with  its  nipple-like  processes, 
which  has  been  supposed  to  cause  ulceration  of  cartilage,  is 
really  formed  by  a  change  of  the  structure  of  the  cartilage  itself 
into  cicatricial  fibrous  connective  tissue. 

The  cells  of  Howship's  lacunse  are  the  results  of  the  increased 
development  of  the  corpuscles  of  the  tissue  in  which  we  find 
them,  not  new  structures  introduced  from  without. 

Bone  enclosed  in  its  case  of  periosteum  and  cartilage  changes 
into  the  cartilage  of  enchondroma. 

Ziegler,  in  treating  of  metaplasia,  pointed  out  that  cartilage 
can  be  transformed  into  mucoid  tissue  or  areolar  tissue ;  carti- 
lage, into  osseous  tissue ;  fibrous  tissue,  into  mucoid  tissue  and 
bone ;  and  osseous  tissue,  into  fibrous  tissue  or  cartilage, — one 
form  of  connective  tissue  being  changed  into  another. 

Ziegler,  Dr  Woodhead,  and  others  have  abundantly  shown  that 
blood-  and  lymph-vessels  are  produced  by  the  junction  and 
hollowing  out  of  the  branching  processes  of  newly-formed  cells, 
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which  are  Bubseqneotly  united  with  protoplasmic  endothelial 
processes  of  older  vessels  to  form  continuous  channels  for  the 
circulation  of  blood. 

And  I  think  we  cannot  but  conclude  that  each  individual 
tissue  has  power  to  do  its  own  work  in  the  position  which  it 
occapies, — of  maintaining  its  own  structure  and  life, — or  of 
changing  itself  into  another  kind  of  tissue,  which  may  be  so 
different  from  the  original  that  the  transformation  is  not  easy 
to  demonstrate. 


DESCRIPTION  OF  FIGURES,  pp.  106-108. 

Figs,  la  and  2a.  Softening,  swelling,  and  loosening  of  the  tissue  of 
th«  free  Burface  of  the  cartilage  of  the  patella. 

Figs.  3  and  4.  Great  enlargement  and  change  in  the  contents  of 
the  cells,  and  discharge  of  their  contents. 

Fig.  5.  Soft  nucleated  mass  produced  on  the  free  surface  by  inter- 
mixture of  the  contents  of  different  cells. 

Fig.  6.  Calcification  of  deeply  seated  cells. 

Figs.  7,  8,  9,  10.  Formation  of  fibro-nucleated  membrane  by  the 
contents  of  the  cells  on  the  superficial  surface. 

FigSL  11  and  12.  Comparison  of  the  healthy  perichondrial  surface 
of  the  costal  cartilage  of  a  dog,  with  the  same  surface  5  days  after 
a  seton  had  been  passed  through  it. 

Fig.  13.  Membrane  with  nipple-like  process  in  costal  cartilage 
of  dog. 

Fig.  14.  First  appearance  of  fibres  in  hyaline  matrix  of  costal 
cartilage  40  days  after  insertion  of  a  seton. 

Fig.  15.  Effects  of  actual  cautery  to  femoral  trochlea  49  days 
preTioosly. 

Fig.  16.  Effects  of  pressure  due  to  a  partial  luxation. 

Fig.  17.  Enlargement  of  cells  and  multiplication  of  their  contents 
near  the  surfaces  of  an  incision  into  the  cartilage  of  the  patella  of  a 
dog  49  days  previously. 

Figs.  18  and  19.  Firm  fibrous  union  by  a  fibro-nucleated  membrane 
with  nipple-like  processes  after  a  similar  incision  to  that  in  Fig.  17, 
but  after  the  lapse  of  24  weeks  and  5  days. 

Fig.  20.  Molecular  disintegration — Ulceration. 
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A  MODIFICATION  OF  THE  CHEOME  SILVER  METHOD 
FOR  NERVE  CELLS.  By  William  Huntek,  Pathological 
LahorcUory,  Aberdeen  University. 

SiKCK  the  discovery  in  the  year  1875  of  Golgi's  silver  staiu, 
the  method  has  been  much  worked  at  and  improved  upon  by 
many  histologists,  as  Ram6n  y  Cajal,  Van  Gehuchten,  Len- 
hofisek,  etc. 

The  following  modification  of  the  process  may  prove  of 
interest  It  is  generally  supposed  that  the  impregnation  can 
only  occur  in  very  small  pieces  of  tissue  which  have  been 
soaked  for  at  least  not  more  than  six  weeks  in  bichromate 
solution  or  Mliller's  fluid.  This,  however,  appears  to  be  an 
enoneous  notion,  for  I  find  that  completely  hardened  tissues 
give  good  results  in  most  cases  {vide  micro-photographs  Nos.  2, 
3,  4,  5). 

The  method  I  employ  is  as  follows.  Instead  of  soaking 
small  blocks  of  tissue  for  several  weeks  in  bichromate  solution, 
Aoroughly  harden  the  whole  brain  and  spinal  cord  in  Muller's 
fluid  for  a  period  varying  from  six  weeks  to  as  many  months. 
Sniall  blocks  are  then  taken  and  dropped  directly  into  a  solu- 
tion of  silver  nitrate  (f  per  cent.).  In  the  majority  of  cases  it 
will  be  found  that  good  impregnations  have  occurred. 

This  method  succeeds  best  with  the  brains  (especially  cerebral 
cortex)  of  full-grown  animals:  foetal  tissues,  after  being  hardened, 
do  not  give  so  good  results. 

Further,  by  the  use  of  this  method  the  obstacle  of  hitting  the 
exact  point  of  hardening  is  got  over,  and  the  uncertainty  in  the 
production  of  the  desired  reaction  to  a  great  extent  done  away 
with. 

In  one  or  two  cases  the  sections  have  been  covered  with 
cover-slips.  Although  these  were  mounted  at  least  two 
months  ago,  no  bad  effect  has  as  yet  been  seen.  The  preserva- 
tion of  the  stain  is  often  a  difficult;  point.  Dr  Hill,^  in  his 
recent  article  on  the  chrome  silver  method,  states  ''  that  when 

1  HiU,  Brain,  1896,  pt.  Ixxiii.  p.  15. 
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the  section  is  covered  with  a  cover-slip,  all  the  '  staining '  may 
disappear ;  if  the  section  is  mounted  in  ordinary  Canada  balsam, 
in  four  or  five  hours,  although  masses  of  black  deposit  remain 
permanently."  Some  sections  prepared  about  the  same  time  as 
those  mentioned  above,  according  to  the  osmio-chromate 
process,  and  with  no  cover-slip,  are  already  showing  dark 
yellow  masses  and  granules  in  the  sections,  and  the  cells  appear 
to  be  losing  their  colour.  It  would  appear  that  the  reaction 
obtained  with  thoroughly  hardened  tissues  is  much  more  per- 
manent than  with  the  rapid  osmio-chromate  process.  The 
following  series  of  experiments,  acompanied  by  photographs,  was 
conducted  on  the  same  lines  as  Hill^  followed,  viz.,  to  deter- 
mine the  conditions  under  which  the  reaction  occurs,  the 
limits  within  which  the  process  may  be  varied  without  abolish- 
ing the  reaction,  and  to  note  the  efifects  of  these  modifications. 

JEscperiment  L — Brain  of  Cat,  put  into  Miilier's  fluid  immediately 
after  death ;  left  here  for  seven  days,  changing  the  solution  once  or 
twice.  Pieces  about  \  inch  in  thickness  were  taken  from  the  motor 
cortex  and  put  into  the  following  solution — 

Potassium  Bichromate,       ...  3  grms. 

Osmic  Acid  (1  p.c),  ....  25  c.c. 

Formic  Acid,     .         .         .         .         .  '4  c.c. 

Distilled  Water,         ....  100  c.c. 

Put  into  warm  chamber  at  98"*  Fah.  for  5  days :  solution  changed  once : 
pieces  then  washed  in  water  for  a  few  minutes,  transferred  to  silver 
nitrate  solution  (|  p.c.)  for  twenty-four  hours  in  the  dark.  Silver  solu- 
tion changed  once,  again  washed  in  water,  then  embedded  in  celloidin 
as  follows — 

Absolute  Alcohol,  ....  1  day. 
Absolute  Alcohol  +  Ether,  ...  1  day. 
Celloidin  Solution,      ....         1  day. 

Cut  under  methylated  spirit,  clarified,  and  mounted  in  dammar  lac. 

All  the  layers  of  the  motor  cortex  could  easily  be  made  out  llie 
neuroglia  cells  of  the  molecular  layer  showed  their  principal  process 
ending  in  a  foot-like  enlargement,  as  described  by  Schafer.^  The 
amount  of  deposit  was  very  little.  The  experiment  was  therefore  very 
successful     {Vide  micro-photograph  No.  1.) 

Experiment  IL — Same  Cat's  brain  as  in  No.  1,  left  fourteen  days  in 
Miiller's  fluid.  Pieces  again  taken  from  motor  cortex  and  of  the  same 
thickness — treated  exactly  as  in  No.  1. 

Scarcely  any  cells  could  be  made  out  in  any  of  the  sections.  The 
amount  of  deposit  of  chromate  of  silver  was  much   greater  than 

1  Hill,  Brain,  1896,  pt.  Ixxiii.  p.  6. 

*  Schafer,  Qvmn's  AnaUyftiy,  vol.  iii.  part  i.,  1898,  j}.  167. 
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usual,  not  only  on  the  surface  of  the  preparations,  but  through  their 
substance.     The  ezpetimeDt  was  then  unsuccessful. 

Experiment  III. — Same  Cat's  brain  as  before,  left  for  two  months 
in  MiillcT's  fluid.  The  use  of  the  osmio-chromate  eotution  was  die- 
carded,  owing  to  the  result  obtained  in  No.  2.  Pieces  were  again 
taken  from  the  cortex,  of  the  same  thickness,  and  put  directly  oat  of 
the  Miilter'a  fluid  into  the  silver  solution,  of  the  same  strength  as 
previously, — left  for  twenty-four  hours  in  this  at  the  temperature  of 


98*  Fab.  The  pieces  were  then  embedded  in  celloidin,  this  occupying 
over  four  days  :  remaining  part  of  process  the  same  as  in  Ko.  1. 

The  result  was  quite  as  good  as  No.  1.  The  processes  as  regards 
length  and  delicacy  were  even  better.  All  varieties  of  cells  could  be 
seen.  By  cutting  fairly  thin  sections,  the  amount  of  deposit  was 
greatly  reduced.     {Vide  micro-photograph  No.  2.) 

E»^>eriment  JV, —  Same  Cat's  brain  as  before,  left  in  Miiller's  fluid 
for  over  three  months.  Again  pieces  were  taken  from  the  cortex,  of 
the  nsnal  thickness,  and  treated  exactly  as  in  No.  3. 
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The  reanlt  was  tie  good  as  in  Xo.  3.  Cells  of  all  varieties  could  be 
seeu,  some  of  tbem  having  processes  which  could  be  traced  right 
Up  to  the  superficial  layer  of  the  cortex.  Many  pyramidal  cells  had 
thorns  ou  their  protoplasmic  processes,  which  varied  in  length  and 
usually  ended  in  a  sm^  kQob-— the  latter  often  having  a  clear  centisl 
space.  These  thorns  were  present  in  the  other  experiments  also.  TIk 
amount  of  deposit  was  very  small.  This  experiment  was  therefon 
very  succeasfuL 

Eiq^erimenl  V. — Human  brain,  which  bad  beeu  io  MUller's  fluid  for 
about  five  months — pieces  ^  inch  thick  taken  from  the  occipital  r^on 


Fio.  2.— AJnlt  Cat,  Motor  Cortei.     Brain  left  two  months  in  Miiller'a  fluid, 

of  cortex — onwashed  in  water — put  directly  into  the  silver  solution  of 
the  same  strength  as  before  and  for  the  same  length  of  time — em- 
bedded in  celloidin — this  occupying  three  or  four  days,  cut  and 
mounted  ss  in  iHo.  1. 

The  different  layers  of  the  occipital  cortex  were  very  well  mafked. 
The  number  of  pyramidal  cells  is  not  so  great  here  as  over  the  motoi 
area.  Numerous  small  cells  and  granules  were  to  be  seen.  The  pre- 
cipitate was  fair  in  amount,  and  mostly  deposited  around  what  appeared 
to  be  neuroglia  ccIIp.  The  experiment  was  very  euccessfuL  (Ftie 
micro- photograph  Na.  3.) 
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Exptrmait  VI. — Piecn  from  iKB«  btain  m  m  No.  3 — irys. 
oedpCal  cortex,  \  inch  thicks-pat  Jireciir  icio  tbe  -rZTff  -cCti^.-k 
(I  p.c.)  with  the  addition  of  aae  oi  tro  drop;  of  fc'Tsx  »qI  \  -K>  kcl- 
twn}— leiouiider  of  proceoB  as  in  fwcTioos  «xpCRS(x:t& 

No  taee  of  anj  cell  coold  be  seen  in  anj  of  th«  wokeK.  A  r^rr 
fiiM  gnnolu  precifHtate  wm  {weflrot  all  Uiror^  the  aii<~>fc  T:* 
aperimeot  was  an  abaolnte  £uhn«. 

Experimetii  VH. — Pieces  from  Bam«  brain  as  in  No.  5 — tfxs  <xti- 
pitil  and  motor  cortex,  \  ineh    thick,  imt   .iir««lT  -aio  lie  o<«>> 


chraiute  oolatjoa  as  used  in  ^'o.  1  for  two  nights — washed  in  water 
■od  treated  with  silver  solntion,  etc,  as  before. 

No  Ince  of  w\y  celts  to  be  seen.  The  very  fine  granular  precipitate 
u  in  No.  6  seen  here  also.     The  eEperiment  was  an  absolnte  failure. 

EsqpaimeiU  VIIJ. — Pieces  from  same  brain  and  nnder  the  same 
wnditioas  as  Noa.  6  and  7.  After  bein;;  two  nights  in  the  oemio- 
chromtte  solution,  put  directly  into  the  silver  solution,  having  a  drop 
of  formic  acid  solution  (aa  used  before) :  remaining  part  of  process 
nine  m  before. 

This  ^ve  an  absolutely  n^iative  result. 

VOL  xxxn.  (vs.  VOL  xn.)  h 
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Experiment  IX. — Brain  from  case  of  Amyotrophic  Lateral  ScletooB. 
Pieces  from  region  of  motor  area,  ^  inch  thick — had  been  over  ni 
months  in  Miillei's  fluid — no  washmg  in  water — piecea  put  directly 
into  silver  solution,  and  treated  subsequently  as  in  former  experiments. 

The  various  layers  of  the  motor  cortex  could  be  made  out  The 
molecular  layer  was  very  indistinct.  In  the  latter  were  a  nomber  of 
bands  (3  to  6),  leaving  clear  spaces  between  them.  These  appeared  to 
be  composed  of  deposit  An  explanation  why  these  are  so  regularly 
laid  down  cannot  be  given.     They  were  not  present  in  any  of  the 


previous  experiments.  Some  pyramidal  cella  had  long  processes 
running  right  up  to  the  molecular  layer.  Thorns  on  the  proceffiee 
could  also  be  made  out.  The  amount  of  deposit  scattered  through  tbe 
sections  was  very  small.  The  experiment  was  therefore  a  decided 
success.     (  Vide  micro-photograph  No.  4.) 

S^eperiment  X. — Human  cerebellum  which  had  been  for  over  six 
mouths  in  Midler's  fluid — pieces  taken  from  the  superior  vermis-^ 
inch  thick — jmt  directly  into  the  silver  solution,  and  treated  exactly  as 
in  Na  4.  The  silver  solution  here  used  was  the  old  quantitj 
employed  for  experiment  No,  4. 

Ue^mann's  fibres  appeared  well  stained.     The  granules  of  the  outer 
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and  inner  layera  well  detined.  No  absolutely  comptete  Purkinje's 
cells  were  to  be  sees,  but  the  branchin);;  Btema  of  these  could  be  seen 
extending  into  the  molecular  lajet.  Very  few  of  the  flask-shaped 
cells  themselves  could  be  made  out.  This  may  have  been  due  to  the 
plane  in  which  the  sections  were  cut.  The  amount  of  depiosit  was 
very  small.     The  experiment  was  aacceesfut. 

Experiment  XL — Human  brain — been  in  Miiller's  fluid  for  about 
two  years — pieces  were  taken  from  the  motor  and  occipital  cortex, 
}  inch  thick — treated  exactly  as  in  No.  4.  llie  pieces  were  froni 
eight  to  ten  days  in  celloidin  before  being  cut. 


Very  few  large  pyramidal  cells  to  be  seen.  A  very  lai^a  number 
of  snudl  cells  with  abort  processes  coald  be  made  out.  Thorns  were 
present  on  almost  all  the  processes.  The  neuroglia  cells  in  some 
sections  were  beautifully  'stained.'  The  deposit  was  fair  in  amount. 
The  experiment  was  successful. 

Ee/ieriment  XII. — Himian  brain — been  about  five  years  in  Miiller's 
fluid  and  well  hardened — pieces  were  taken  from  the  cortex,  the 
same  thickness  as  before,  and  treated  exactly  as  in  Nos.  3  and  4. 

A  few  nerve  cells  could  be  seen  with  delicate  branches.  The  most 
prominent  thing  to  be  noted  in  the  sections  was  the  presence  of  a 
very  large  number  of   what  appeared  to  be  neuroglia  cells.     These 
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weie  much  larger  than  the  ones  usually  found,  and  their  proceaaeB 
extended  for  very  long  distances  over  the  field.  The  processes  often 
looked  as  if  they  were  connecting  cell  to  cell,  but  this  could  not  be 
definitely  proved.  The  deposit  was  almost  absent.  The  experiment 
was  successful     {Vide  micro-photograph  No.  5.) 

From  the  results  of  the  foregoing  experiments  and  others 
performed  on  the  same  lines,  the  following  may  be  drawn. 

The  Material  used. — All  the  experiments  were  performed  on 
fully  developed  tissues,  mostly  from  the  human  subject.  The 
researches  of  Eamon  y  Cajal,  Gehuchten,  Hill,  and  others  have 
been  mostly  upon  lower  animals,  and  preferably  young  ones. 
Cajal  uses  embryos  and  very  young  animals,  on  the  ground 
that  it  is  the  non-medullated,  or  not  yet  meduUated,  fibres  that 
give  the  reaction.  Hill  states  that  it  is  possible  to  obtain  the 
reaction  through  the  medullary  sheatL  The  results  obtained 
by  the  foregoing  experiments  tend  to  show  that,  by  the  method 
adopted  in  them,  as  good  results  can  be  obtained  in  adult  as  in 
young  animals. 

The  Freshness  of  the  Material, — In  the  experiments,  varying 
periods  of  time  were  used,  namely,  seven  days,  two  months, 
three  months,  five  months,  six  months,  two  to  three  years,  and 
five  years.  A  satisfactory  result  was  obtained  in  all  of  these 
eases,  all  giving  good  reactions.  Cajal  thinks  that  by  prolong- 
ing the  hardening  in  bichromate  of  potassium  some  elements 
may  be  lost.  No  proof  of  this  was  obtained  from  the  results 
of  the  above  experiments,  thus  confirming  Hill's  view.  Many 
sections  cut  from  blocks  of  tissue  which  had  been  over  six 
months  in  Mliller's  fluid  showed  as  beautiful  nerve  cells  as  those 
done  by  the  ordinary  Golgi  or  Cajal  method. 

The  Use  of  Osmic  Acid. — When  working  with  fresh  tissues 
the  use  of  osmic  acid  is  a  great  advantage.  It  certainly  hastens 
the  hardening,  and  when  the  tissue  is  fresh  does  not  affect  the 
entrance  of  the  silver  solution.  When  working  with  tissues 
which  have  been  hardened  in  Miiller's  fluid,  it  is  of  no  use,  and 
even  harmful.  It  is  found  in  the  latter  case  that  it  so  fixes 
the  tissue  and  completes  the  hardening  that  the  silver  solution 
cannot  penetrate.  Osmic  acid  does  not  seem  to  take  any  part 
in  the  reaction. 

TIte  Effect  of  Light. — This  does  not  seem  to  have  any  injurious 
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eflfoct  The  leaction  ean  be  obtained  quite  ae  weZ  in  rcir'it 
sonli^t  as  in  total  darkneaa. 

7%e  Sffeet  of  Warmih. — ^When  odi^  the  ordinazr  G*:!^.  cr 
Cajal  method,  warmth  is  not  reqnired  for  the  reaetk<i  to  --xxr^ ; 
bnt  when  employing  hardened  tJasiieB,  it  aeems  to  hassen  itut 
reaetion,  and  give  a  more  certain  lesolt. 

The  Silver  Sail. — In  the  experiments  given,  the  fi&r-T3.v  w;h 
used.  The  »i^ri^«  in  saturated  solution  (with  the  aiiitira  of  fil- 
mic acid  about  1  to  1000  parts  of  the  scluticn  i  ^ves  ^n  eYoelkrt 
result^  according  to  HilL^  The  addition  of  a  minute  q^ianiiiy  -jC 
formic  acid  to  the  nit  rule  solution  always  prevailed  the  occtit* 
rence  of  the  reaction.  The  reaction  obtained  bv  u^iiiz  tike  %  .zrx:4 
seems  to  dififer  considerably  from  that  got  bj  using  iLe  iiw*'"««v. 

Embedding  in  Celhndin. — No  occasion  for  hurrying  this  p?r>- 
cess  was  ever  indicated  Most  workers  on  the  snc jeci  h^ve 
agreed  that  ihe  length  of  time  in  alcohol  should  he  as  sb*7rt  as 
possible.  Cajal  obtains  the  best  results  from  rapiily  emrei' 
ding  the  blocks  in  celloidin  or  paraffin.  Lenhos&?k,  G^ha?bien. 
and  others  never  have  the  blocks  of  tissue  longer  than  an  hour 
or  two  in  the  embedding  solutions.  HiU  has  left  blocks  as 
long  as  four  days  without  any  perceptible  deteriorati<»i.  S:^me 
of  the  tissues  used  in  the  foregoing  experiments  were  left  a 
few  days  in  alcohol  and  ether,  and  still  gave  good  results;  others 
were  left  as  long  as  eight  or  ten  days  in  celloidin  solution 
before  embedding.  No  bad  result  was  ever  got  from  doing  this. 
By  thoroughly  embedding  the  blocks,  much  finer  sections  can 
be  obtained,  and  the  celloidin  and  sections  lie  much  flatter  on 
the  slide. 

Mounting. — ^The  sections,  immediately  on  being  cut,  were  put 
into  methylated  spirit,  then  into  absolute  alcohol,  clarifying 
with  carbolxyloL  Often  sections  on  being  clarified  were  left  in 
Ae  latter  reagent  for  a  few  days  before  finally  moimting.  Xo 
bad  effect  was  ever  observed  from  this, — ^the  sections  often  Ijeing 
much  clearer,  with  the  cell  processes  better  marked  than  before. 
All  the  sections  were  finaUy  mounted  in  dammar  lac. 

Briefly  stated,  my  method  is  as  follows : — 

The  brain  and  spinal  cord  are  put  into  Midler's  fluid  imme- 
diately after  death,  and  hardened  by  the  usual  method  employed 

I  HUl,  Bram,  1896,  pt  Izxiii.  p.  14. 
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for  miscellaneous  tissues.  The  hardening  period  varies  from 
six  weeks  to  five  or  six  months.  Small  blocks,  about  ^  inch  in 
thickness,  are  cut  from  the  desired  region,  sparingly  washed  in 
water,  and  dropped  directly  into  the  silver  nitrate  solution  (J 
per  cent.)  for  twenty-four  hours,  at  a  temperature  of  98''  Fah. 
This  solution  is  changed  once  or  twice.  The  pieces  are  after- 
wards embedded  in  celloidin  as  follows : 

Absolute  Alcohol,         ...         1  day. 
Absolute  Alcohol  +  Ether,  1  day. 

Celloidin  Solution,         ...         1  day. 

Cut  the  sections  under  methylated  spirit,  rapidly  dehydrate, 
clarify  with  carbolxylol,  and  mount  by  the  usual  method.  By 
the  use  of  the  above  method  it  will  be  found  that  the  reaction 
can  be  obtained  not  only  on  fresh  tissues,  but  also  on  hardened 
ones,  and  with  satisfactory  results  in  the  majority  of  cases. 

I  must  express  my  indebtedness  to  Professor  Hamilton,  in 
whose  laboratory  the  above  experiments  were  carried  out;  and 
also  to  Drs  Dean  and  Mackintosh  for  many  valuable  suggestions. 
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TRAM  a  A.  WiNDUt,  D-Sc,  M.D..  M.A-.  Frr/r^-^  :f  Ams^  « - 
in  Mason  College^  Birmingham,  and  F.G.  Fai^:»S5l  FX.C.>, 
FJ*S.,  F.ZlS.,  Lecturer  on  C<rmpaTat\ve  A %'ZZ.:  n,^  x  S" 
Th4)ma8*8  Hospital,  London, 

I  Ths  following  notes  are  based  upon  the  dissect:  -n  fi  tro  rho- 
mens  of  Macropus  rufiis.  The  first  <A>  vias  a  t«: 
taken  from  the  ponch  of  its  mother :  it  measored  ihiiteen  in- 
from  the  tip  of  its  snont  to  the  root  of  its  tail,  and  tLe  l?«er 
incisors  were  the  only  teeth  projecting  beyond  the  zzni.  Tbe 
second  specimen  (B)  was  an  apparently  fall-grown  AriiL^al :  ^ 
will  be  seen  from  the  condition  of  the  bones,  however,  it  w*?  i>:-: 
fully  matured.  As  one  of  us  has  recently  given  a  ::ill  ace  -Tiat 
of  the  anatomy  of  Petrogale  xanihopos}  we  have  used  this  for 
porpoees  of  comparison,  and  have  dealt  mainly  with  siich  picnif 
in  onr  present  specimens  as  differ  from  those  already  recr:*rdt:^i  in 
the  other. 

OssBOUS  Ststk>l 

hi  connection  with  this  part  of  the  anatomy,  we  propose  to 
confine  our  observations  almost  entirely  to  the  conditions  of  the 
bones  dependent  upon  age,  as  the  osteology  of  the  adult  form  has 
been  already  sufiSciently  dealt  with.  ShdJ. — ^This  agrees  with  the 
characteristics  by  which  the  skull  of  Macropus  differs  from  that 
f  of  Petrogale,  except  that  the  infra-orbital  canal  is  double  on 
both  sides  in  A,  and  on  one  in  B. 

When  compared  with  the  adult  skull,  one  is  struck  by  the 
much  greater  convexity  displayed  by  the  more  immature  form 
(A)  in  the  roof  of  the  cranium,  as  also  by  the  shortness  of  the 
facial  portion,  owing  to  want  of  antero-posterior  growth  of  the 
maxilla.  The  tympanic  bone  also  forms  much  more  of  a  bulla 
than  it  does  in  the  adult,  and  the  tubular  part  of  the  bony 
meatus  is  not  yet  developed.    The  par-occipital  and  maxillary 

^  Pinons,  "  On  the  Anatomy  of  Petrogale  xamthopus  oompued  with  that  of 
other  Kragarooa,"  Proc  Zool,  Soc,,  1896,  p.  688. 
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zygomatic  processeB  are  quite  rudimentary.  In  all  these 
respects  the  older  specimeD  (B)  conforms  to  the  characters  of 
the  adult  Bkull.  In  (A)  the  four  parts  of  the  occipital  bone  are 
ununited,  in  B  the  baei-  and  exHXwipitals  have  fused,  but  the 
supra-occipital  is  still  a  separate  bone.  There  is  in  A  a  distinct 
lateral  /ontaiielle  below  the  posterior  inferior  angle  of  tlie 
parietal ;  this  has  disappeared  in  B. 

The  Atlas  has  the  whole  of  the  ventral  arch  in  A,  between 
the  articular  processes,  cartilaginoue,  and  the  posterior  arch  has 
still  a  thin  plate  of  cartilage  in  the  median  line.  In  B  there  is 
a  considerable  unossified  interval  in  the  ventral  arch,  only  a 
fissure  marking  the  position  of  the  cartilaginous  central  part  of 
the  dorsal.  lu  A  the  grooves  for  the  aub-occipital  nerves  are  not 
yet  converted  into  foramina  :  one  of  them  is  completely  so  in  B, 
whilst  the  other  still  presents  a  fissure  between  the  two  parte. 


Fio.  1. — Axis  of  young  Maervput  m/ut  (B)— duwaJ  aspect. 
The  Axis  in  A  is  composed  of  four  portions:  (1)  the  odontoid : 
(2)  the  centrum ;  (3  and  4)  the  two  sides  of  the  neural  arch. 
Only  the  dorsal  part  of  the  trans^'er8e  proceae  and  vertebrsr- 
terial  canal  is  ossified.  In  B  (see  fig.  1)  the  axis  consists  of 
the  following  portions :  (1)  the  lower  epiphysial  plate  ;  (2)  the 
odontoid,  with  the  anterior  articular  processes ;  (3)  the  centmm 
and  sides  of  the  neural  arch,  united  into  one  portion  of  bone ; 
(4)  a  small  diamond-shaped  bone  intercalated  between  Qie  odon- 
toid and  the  anterior  part  of  the  centrum,  visible  both  on  the 
ventral  and  dorsal  aspects,  which  apparently  represents  the 
upper  epiphysial  plate  of  the  centrum. 


^  }^-i  iii^- 
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The  other  vertebrae  have  the  suae  om'^vs  m  "iik  i  inuuL 
fetos  presents  at  larth. 

The  Hyoid  boae  is  mteresdi^  in  bc<h  «] 
elements  of  the  seoond  and  third  bmidiiil  urb 
conditions  of  developm^it  In  the  v«:>ci)ger  s] 
arch  is  completely  cartilaginoiis.  and  is 
oerato-hyals,  which  are  triangular  in  tioft 
applied  to  one  another,  whilst  thdr  apices  are  pr'urnc^i  :»!> 
wards  and  forwards  towards  the  base  *.<  ;he  «r:ill  Iz.  r  itiif*fi 
aie  of  the  same  shape,  but  the  baaal  pxii^oos  .c  >.•;£.  siis  ir^ 
ossified,  tbon^  the  two  bones  are  aepante  free  coe  Asiic^it:?  oiL 
from  the  thyro-hyals.  These  last  in  A  are  ossiSe^i  l^z^sLlj  :il^ 
remain  cartilaginous  near  the  middle  hi^.  iftHsn  :=.  ?  :^p 
osBification  is  complete,  and  no  traces  of  carti^i^  t^zjmzl  iz,  ii^ 
part  of  the  arch.  But  in  this  specimen  a  bi-ny  bexkTioal  :•«£- 
hyal  exists  as  in  the  adult  form,  and  the  four  c-^-^r  pan?  <  ;>»d 
arch  are  bound  to  it  by  fibrous  tissne. 

The  Clavicle  has  only  the  dialysis  oadned  in  A. 

The  Soapula  in  A  has  only  two  oentrea,  one  f onniiixg  ;ije  Mjm 
&Qd  spine,  and  the  other  the  mdimentaiy  concc-fri     In  6  a 
third  centre  is  added  between  the  opposed  surfaces  ol  :» 
coraooid  nucleus  and  the  glenoid  foasa.    In  A  the  H^kmrrv*  bd» 
DO  secondary  centres,  but  the  supra-oondylar  foramen  is  ct^i^ 
pktely  ossified,  and  is  wholly  formed  by  the  diaphysisi    In  B 
there  are  secondary  centres  (1)  for  the  two  tnbero<qti«9  «2»  f«r 
the  inferior  articular  surface,  (3)  for  the  external  condyle, « 4 
for  the  intemaL    In  A  both  Badius  and  Ulna  have  the  s^^t 
ossified,  and  there  is  an  epiphysis  present  for  the  lower  en<is  of 
the  bones,  whilst  in  B  there  is  also  an  upper  epiphym,  which  is 
afanost  completely  united  to  the  diaphysis,  the  lower  being  still 
detached.    In  the  oarpm  of  A  there  are  bony  centres  for  the 
following  elements,  9caph(hlu7iar,  cunetform,  pigi/arm,  trapezium, 
OS  magnum,  arid  tmcifomiy  but  the  trapezoid  has  as  yet  no  centre. 
The  metacarpals  and  phalanges  have  cartilaginous  heads  and 
bases,  only  the  diaphyses  being  ossified.    In  B  the  carpus  is  fully 
ossified,  each  of  the  metacarpals  has  a  nearly  united  epiphysis 
tor  the  bead,  and  each  phalanx  one  in  a  similar  condition 
for  the  base.    In  the  Os  mnomiruUum  of  A  there  are  centres  for 
ilium,  ischium,  and  pubes,  together  with  one  median  nucleus  for 
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the  sub-pubic  bone,  and  there  is  no  cotyloid  bone.  In  B  the 
three  primary  parts  of  the  bone  are  firmly  united,  and  there  is  a 
distinct  sub-pubic  bone.  There  are  also  secondary  centres  for 
(1)  the  crest  of  the  ilium,  (2)  the  tuberosity  of  the  ischium,  (3) 
a  minute  but  perfectly  distinct  centre  for  the  apex  of  the 
prominence  of  bone  which  projects  from  the  centre  of  the  ileo- 
pectineal  line.  The  marsupial  bones  do  not  appear  to  have  been 
ossified  in  the  younger  specimen ;  in  the  older  one  they  were 
fully  so. 

The  Femur  in  A  has  no  upper  epiphysis,  but  in  the  lower  end 
there  are  two  centres  of  ossification,  one  for  either  condyle.  In 
B  the  condition  of  this  bone  is  exactly  as  has  been  described  in 
the  specimen  of  Petrogale.  The  groove  showing  the  line  of 
union  of  the  two  centres  forming  the  lower  end  is,  however, 
very  evident,  and  shows  that  the  earlier  condition  had  been  the 
same  as  that  of  A. 

The  Tibia  in  A  has  two  epiphyses  at  its  upper  end, — a  large 
one  for  the  greater  part  of  the  head,  and  a  smaller  one  for  the 
anterior  part  of  the  same.  In  B  these  two  epiphyses  are  almost 
completely  united  to  one  another  and  to  the  diaphysis.  In  both 
specimens  tliere  is  an  ossified  lower  epiphysis.  The  FSnda  in 
both  has  upi>er  and  lower  epiphyses. 

In  the  foot  both  specimens  show  the  existence  of  two  centres 
of  ossification  for  the  os  colds,  one  for  the  body  and  the  other  for 
the  posterior  part  of  the  tuberosity.  In  the  younger  specimen 
one  centre  of  ossification  was  noticed  in  each  case  for  the 
astragalus,  cuboid,  navicviar,  and  edo-cuneiform,  all  which  are 
fully  ossified  in  the  older  individual  In  the  great  fourth  toe 
there  are  centres  for  the  shaft  and  head  of  the  metatarsal,  and 
for  the  shaft  and  base  of  the  phalanges.  In  the  case  of  the 
other  three  toes  in  A  only  the  shafts  of  these  bones  have  any 
ossific  deposit  in  them,  but  in  B  there  is  also  an  epiphysis  for 
the  head  of  each  metatarsal. 


Articular  Ststbm. 

The  articular  sjrstem  of  Macropus  closely  resembles  that  of 
Petrogale,  so  that  it  will  only  be  necessary  to  mention  the  few 
points  in  which  differences  exist     In  the  wrist  there  is  a  strong 
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fibro-cartilaginotis  band,  which  passes  from  the  uhiar  side  of  the 
lower  end  of  the  radios  to  the  adjacent  part  of  the  cuneiform, 
which  we  are  inclined  to  think  represents  the  otherwise  absent 
triangular  fibro-cartilage.  Again,  the  peg-like  lower  end  of  the 
ulna  is  received  into  a  cavity  formed  partly  by  the  cuneiform 
and  partly  by  the  curiously-shaped  pisiform,  and  not  solely  by 
the  cuneiform,  as  in  Petrogale. 

The  knee-joint  presents  the  following  differences: — (1)  The 
t:demal  lateral  ligament  consists  of  two  parts,  of  which  the 
superficial  is  posterior  in  position  above  and  anterior  below ;  it  is 
also  narrower  inferiorly,  and  attached  to  the  anterior  end  of  the 
outer  aspect  of  the  head  of  the  fibula.  The  deep  part,  which  is 
flatter,  and  placed  more  anteriorly  above,  passes  under  the  super- 
ficial, to  be  inserted  partly  beneath  it  and  partly  to  the  more 
posterior  part  of  the  outer  aspect  of  the  head  of  the  fibula.  In 
neither  of  these  parts  are  the  fibres  continuous  with  those  of  the 
Extensor  longos  digitorum.  (2)  The  interiial  lateral  ligament  is 
very  closely  attached  to  the  semi-lunar  cartilage.  (3)  The  tendon 
of  the  popliteus  contains  a  very  strong  fibro-cartilaginous  fabella, 
which  is  placed  above  the  head  of  the  fibula,  to  which  it  is 
attached,  and  on  which  it  moves  freely.  It  is  with  this  fabella 
that  the  large  gastrocnemial  fabella,  to  be  more  fully  described 
in  another  section,  articulates.  (4)  The  synovial  membrane 
extends  a  full  inch  upon  the  anterior  aspect  of  the  femur. 

The  arrangement  of  the  external  lateral  ligament  of  the  ankle- 
joint,  which  differs  in  some  respects  from  that  of  Petrogale,  is  as 
follows.  It  consists  of  the  following  parts  : — (1)  from  the  outer 
malleolus  to  the  outer  part  of  the  os  calcis ;  (2)  from  the  apex 
of  the  malleolus  straight  down  to  the  prominence  on  the  os  calcis 
beneath  it:  this  part  can  be  easily  separated  into  deep  and 
superficial  layers;  (3)  from  the  outer  border  of  the  lower  (i.6., 
articular)  aspect  of  the  fibula,  passes  inward  and  backward 
between  the  articular  surfaces  of  the  fibula  and  of  the  above- 
named  prominence,  to  be  inserted  into  the  lower  edge  of  the 
outer  aspect  of  the  astragalus  just  below  its  articular  surface ; 
^4)  from  the  inner  aspect  of  the  lower  end  of  the  fibula,  passes 
between  the  articular  surfaces  of  that  bone  and  of  the  astra- 
galus, and  is  inserted  into  the  anterior  end  of  the  outer  cal- 
canean  prominence.     Thus  these  two  inter-articular  ligaments 
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cross  one  another  inside  the  joint,  one  intervening  between  tbe 
corresponding  surfaces  of  the  fibula  and  calcanean  prominence, 
and  the  other  between  those  of  the  same  bone  and  the  lateral 
facet  of  the  astragalus. 

MuscuLAB  System. 

In  this  section  only  those  muscles  have  been  mentioned  whose 
arrangement  presents  some  difference  from  that  already  recorded 
for  Fetrogale. 

Musdes  of  the  Head  and  Neck. — The  pkUysma  is  almost  apo- 
neurotic in  the  neck,  but  considerably  thicker  and  more  muscular 
over  the  face  where  it  extends  on  to  the  masseter  covering  the 
facial  vein.  It  is  also  well  developed  over  the  parotid,  where  it 
extends  to  the  lower  and  outer  part  of  the  pinna,  forming  the 
depressor  auris.  The  other  muscle  of  the  pinna  is  at  once  a 
retractor  and  rotator.  It  is  a  strong  sheet  of  muscle,  arising 
from  a  tendinous  intersection  between  the  muscles  of  opposite 
sides,  which  form  a  V  as  they  pass  forwards  and  outwards  to  the 
ear,  into  the  whole  of  the  posterior  and  mesial  aspects  of  the 
base  of  which  they  are  inserted.  The  retractor  lahii  superioris 
is  in  two  parts :  (1)  upper  and  superficial,  terminates  in  a  fine 
tendon,  which  is  inserted  into  the  lip  near  the  angle  of  the  nose ; 
(2)  deeper  and  narrower  at  its  origin,  it  broadens  out  as  it 
passes  forwards  to  be  inserted  into  the  whole  of  the  remainder 
of  the  lip  and  its  angle.  The  origin  of  both  of  these  parts  is 
from  the  lower  and  anterior  border  of  the  orbit.  The  stemo- 
and  clddo-mastoid  muscles  are  united,  and  the  11th  nerve  pierces 
the  latter.  The  Ovuhhyoid  is  thin  and  ribbon-like;  it  has  a 
feeble  central  tendon  in  A,  but  none  in  B.  It  is  inserted  into 
the  junction  of  the  dorsal  and  middle  thirds  of  the  anterior 
(cephalic)  border  of  the  scapula.  There  is  a  very  large  and  well- 
marked  styh-glossus,  a  feeble  stylo^haryvgeus,  and  stylo-hyoid  is 
fused  with  digastric  in  A,  separate  in  B.  Oino4rachelian  arises 
from  the  1,  2,  3  cervical  transverse  processes,  and  is  inserted 
into  the  acromion  and  adjacent  part  of  the  spine  of  the  scapula 
for  about  one-fifth  of  its  length.  It  is  covered  at  its  insertion  by 
the  cucullaris.  Scalen/us  vefUralis  is  absent,  s.  longus  passes  from 
the  4,  5,  6  cervical  transveise  processes  to  the  2  and  3  ribs,  s. 
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htvis  from  the  5,  6,  7  [koumm*  to  ihe  fzs  tT:.    Tunr  cs^  ^r'n 
ecgntii  darmles  superjiaalu  d  wud-okL. 

Mutdaofihe  Anierior  Kdremilf. — A  irv  £:c»  if  -zja  ■ng^inr 
part  of  the  ana^meiifted  rlumioid  flhect  iciJ.  ize  :e^rgiic  ir  2. 
80  that  there  is  a  rhamhoidgms  a^\s :  b  A  i^  ilisl^  "n^inr^ 
only  to  the  neck,  thou^  it  toj  miJi  rvnibs  2i*  b:.:^iis. 
Sarahis  colli  (lev.  angnli  acapubE)  wad  aer^'^**  vmt^m  5  ol  i. 
single  sheet,  which  is  in  A  ittirtifri  to  aZ  cue  aeniBL  -psrHOEz^ 
except  the  atlas,  and  to  the  riha  irarn  ibe 
In  B  it  is  attached  to  all  the  cer 

tiTeribs.  /ft/ra-^'jui/i»  exceeds  9fp^-^  ^-'-m  ix  fLSL  T'-n 
/A»uw'  is  a  small  mnacle,  quite  disdnet 
inPetrog^le  and  the  Wallabj,  tfaon^  n>:<  ia  ifae 
The  arrangement  of  the /miora/ mnsc^Ies  asschttanstZy^iU  mtc 
with  in  Petrogale,  but  the  aWcT*'.*-:-T*frr.  *•&  j*  »:c  f»  •v'-til 
marked  as  in  that  spedea  The  Mtecpv*  *n^  2§  =i:c  ^t^ 
the  sapraaeapular  nerve  as  in  Fetiogiie.  Ira  tj 
from  the  posterior  cord,  the  lower  of  these  £ao  szzcLTnir  >« 
major.  CoraM-hrachialis  brevu  is  alone  preaeai.  atsxr: 
general  role  in  Kai^arooa,  and  aiiaes  in  cor,*,i:c>  wul  si^ 
oonooid  portion  of  the  head  of  the  jI^at  k'%7t»*  ^'i*'.  rai^oi « 
Hacalister  found  this  muscle  divided  into  two  ilixa  2  Jf  '--  9^/^ 
n(/IcoSts,  a  condition  which  was  not  present  c-n  riviHT  siitr  zr  .tir 
specimens  of  ru/us.  FUxor  langus  cuhUi  ilxripfri  oka 
divided  into  a  ventral  coiaoo-radial  porti«jn, 
origin  and  tendinous  at  its  insertico,  ami  a  d-j 
ulnar  part,  which  is  tendinous  at  its  origin  a=ri  fK&lj  a^  iii 
insertion.  In  A  both  heads  of  /lejoor  irtcs  r^-^jri  lifacLsaLs 
antictts)  are  present,  as  they  are  in  Petrogale :  in  B  we  tfjJ^z 
not  find  any  separation  into  two  parts,  though,  as  the  vLrsar/*- 
was  very  thick  and  strong,  and  arose  from  a  coi.si>ieraiiI<r  p.ni  c 
of  the  anterior  aspect  of  the  bone  as  well  as  bom  its  ociier  siie, 
it  is  probable  that  both  were  represented,  tfic^ngh  in  a  f^^^i 
condition. 

Pdmaris  lottguB  in  B  ends  in  a  strong  flat  tendon,  whlcL 
croaaes  the  anterior  annular  ligament,  and  after  giving  a  slip  to 
the  pisiform,  ends  in  the  fascia  of  the  hand.  From  the  ulnar 
side  of  the  expansion  rise  the  fibres  of  the  palmarU  bnrrU,  a 
large  and  distinct  muscle.    From  its  radial  side  conies  off  a 
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bundle  of  muscular  fibres,  which  is  inserted  into  the  uhiar  side 
of  the  head  of  the  metacarpal  bone  of  the  poUex,  and  evideaitlj 
represents  the  JleoGor  brevis  of  that  digit.    There  is  a  strong 
sesamoid  cartilage  on  either  side  of  the  hand,  that  on  the  ulnar 
side  overlying  the  pisiform,  that  on  the  radial  the  base  of  tiie 
first  metacarpal  and  the  trapezium.    The  anterior  annular  liga- 
ment stretches  between  these  two  cartilages,  and  from  the  radial 
cartilage   arises   the    aiductor  pollids.      In  A  three  lumbri- 
caies  are  present,  but  only  two  in  B,  viz.,  those  between  the 
tendons  of  index  and  medius,  and  medius  and  annularis.    FUxor 
sMimis  digitorum  is  a  very  tiny  muscle,  which  ends  in  tendons 
for  the  four  inner  digits  on  both  sides  in  B,  whilst  in  A  it  is 
distributed,  as  in  Fetrogale,  to  index,  medius,  and  annularis  only. 
As  indeed  might  be  expected,  the  number  of  tendons  belonging 
to  this  muscle  is  clearly  variable,  since  Macalister  and  Meckel 
found  the  same  number  as  existed  in  our  specimen  B.     The 
flexor profuiidus  digitorum  consists  of  the  following  parts: — (1) 
centralis^  small  but    quite    distinct ;    (2)  condylo-nlnaris,  the 
largest    head,    almost    immediately   unites    with    (3)    ulnaris 
proprius,  which  is  larger  and  extends  farther  up  the  foramen 
than   (4)   radicUis  proprius^  which  is   quite  a   small   muscle. 
There  is  no  condylo-radicUis.     The  above-mentioned  portions  of 
the  muscle  fuse,  and  form  a  tendon,  which  has  a  remarkable 
tibro-cartilaginous  thickening  of  an  ovoid  shape  on  its  ulnar 
border,  where  it  plays  against  the  pisiform  and  unciform.    The 
tendon  then  divides  into  five  stout  slips,  one  for  each  digit.    In 
the  hand  there  are  superficial  addtu^tors  for  poUex,  index,  and 
minimus,  which  arise  from  a  common  head  attached  to  the 
carpal  bones.     Macropus  therefore  wants  the  adductor  annularis 
which  is  met  with  in  Petrogale  and  in  the  Wallaby. 

Supinator  longus  appears  to  be  a  variable  muscle  in  the 
Kangaroos.  In  Petrogale  it  was  inserted  into  the  dorsum  of  the 
scaphoid  on  both  sides.  Macalister  describes  it  as  being 
inserted  into  the  first  metacarpal  in  the  Wallaby,  and  into  the 
trapezium  and  first  metacarpal  in  the  Great  Kangaroo.  In  our 
specimen  A  the  insertion  of  the  muscle  on  both  sides  is  into  the 
lower  third  of  the  radius.  In  B  it  is  on  one  side  inserted  into 
the  dorsum  of  the  scaphoid,  whilst  on  the  other  no  trace  of  the 
muscle  is  to  be  seen.  -  Extensor  carpi  radicdis  longior  is  inserted 
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into  the  dorsal  surface  of  the  metacarpal  bone  of  the  index.  It 
is  much  smaller  than  the  brevier,  from  which  it  is  distinct. 
Accordii^  to  Macalister,  the  two  muscles  are  fused  and  tenninate 
in  two  tendons,  which  are  inserted  into  the  2  and  3  metacarpals, 
a  condition  which  MacCormick  believes  to  be  the  normal  arrange- 
ment in  the  Marsupiaha.  We  are  of  opinion  that  a  veiy  little 
pulling  will  show  that  in  almost  every  case  where  these  muscles 
are  said  to  be  fused,  they  wUl  be  found  to  be  really  separate. 
Exienaor  minimi  digiti  sends  a  slip  to  annularis  in  A  which  we 
did  not  see  in  B. 

Musdes  of  the  Posterior  Extremity. — Hio^ibialis  (sartorius), 
tensor  fajscuB  femoris,  eeto^luteus,  and  Jlexor  cruris  lateralis 
(biceps)  form  one  continuous  sheet  EeUy-gluteus  arises  from  the 
posterior  sacral  and  anterior  caudal  vertebne :  it  has  no  insertion 
into  the  femur,  but  joins  a  deeper  layer  from  the  anterior 
caudal  transverse  processes,  to  form  a  tendon  which  is  inserted 
into  the  outer  side  of  the  patella.  Flexor  cruris  lateralis  arises 
from  the  tuber  ischii,  and  very  slightly  also  from  the  fascia  over 
the  caudal  muscles:  it  is  inserted  into  the  fascia  of  the  leg, 
and  by  its  connection  with  the  ecto-gluteus  also  into  the 
patella.  It  ia  then  continued  down  as  a  strong  band,  which, 
after  uniting  with  a  similar  downward  prolongation  from  the 
semi-tendinosus,  forms  with  it  a  sheath  for  the  posterior  surface 
of  the  tendo  AchilUs,  upon  which  it  is  prolonged  downwards  as  far 
aa  the  os  calcis,  where  it  becomes  attached  partly  to  that  bone 
and  partly  to  the  sides  of  the  plantaris  tendon.  There  is  a 
ienuissimys  present.  The  gracilis  arises  slightly  from  the  base 
of  the  marsupial  bone,  but  in  other  respects  it  resembles  the 
condition  met  with  in  Petrogale.  Semi-membranosus  is  very 
closely  connected  with  the  adductor  mass ;  in  fact,  on  its  super- 
ficial aspect,  there  is  no  obvious  separation  between  the  two 
until  a  short  distance  above  the  point  of  their  insertion  at  the 
knee.  A  deeper  dissection,  however,  shows  that  the  isehio- 
femoralis,  a  very  well  developed  muscle,  lies  between  the  two, 
near  the  femur.  The  last-named  muscle,  though  closely 
connected  with  the  adductor  mass,  associates  itself  with  the 
hamstring  group,  by  the  fact  of  its  obtaining  its  nerve  supply 
from  the  large  hamstring  nerve  which  comes  off  from  the  back 
of  the  great  sciatic.    It  is,  in  fact,  apparently  a  dismemberment 
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from  the  deep  surface  of  the  semi-membranoeuB.  In  specimen 
A  the  gemelli  are  arranged  in  the  same  manner  as  in  Petrogak, 
but  the  condition  is  not  quite  the  same  in  6,  where  these  oiiiscles 
are  represented  by  some  of  the  fibres  of  the  obturator  internum, 
which  arise  very  close  to  its  point  of  exit  from  the  pelvis,  which 
cannot  be  said  to  constitute  a  separate  muscle.  It  is  probably 
this  condition  of  affairs  which  led  Meckel  to  state  that  the 
gemelli  are  absent  in  Kangaroos.  TUncdis  anticus  is  a  very 
large  muscle,  which  is  inserted  into  the  bases  of  the  internal 
metatarsals,  and  slightly  also  into  the  euto-cuneiform.  Extensor 
hngua  digitorum  in  A  resembled  Petrogale ;  in  B,  as  has  already 
been  mentioned,  it  differed  from  the  fact  that  its  tendon  was  not 
prolonged  up  to  the  femiir, — probably  only  an  individual  varia- 
tion. It  ends  in  a  single  tendon,  which  forms  a  wide  expansion 
over  the  large  central  toe  only.  Expansions  from  this  constitute 
the  dorsal  parts  of  the  capsules  of  the  metatarso-phalangeal  and 
inter^phalangeal  joints.  From  the  deeper  surface  of  this  muscle, 
and  very  closely  connected  with  it  on  one  side  of  6,  arose  a 
second  part,  which  developed  a  tendon  which  passed  under  that 
of  the  long  extensor  to  be  inserted  into  the  outer  toe.  This 
condition  was  not  met  with  in  A.  Only  a  peroneus  Umgus  was 
met  with  in  A ;  B  having  a  p,  quinti  in  addition.  The  outer 
head  of  the  gagtrocnemius  possesses  a  remarkably  large  fabella, 
already  mentioned  as  articulating  with  that  of  the  popliteus. 
This  was  crescentic  in  shape,  and  in  the  older  specimen 
measured  2*5  cm.  from  one  comu  to  the  other.  At  the  upper 
comu  is  a  distinct  tubercle,  from  which,  as  well  as  from  the 
external  condyle  above,  arises  the  plantaris,  which  is  thus  a 
double-headed  muscle.  From  the  anterior  (convex)  surface 
arises  the  outer  head  of  the  gastrocnemius,  or  rather  one  head  of 
it,  for  a  second  comes  from  the  patella.  From  the  inferior  comu 
arises  in  B  a  distinct  strong  muscle,  which  joins  by  its  tendon 
that  of  the  gastrocnemius  in  the  lower  third  of  the  leg,  to 
constitute  the  tendo  Achillis.  This  arrangement  was  not 
noticed  in  the  younger  specimen,  which  appeared  to  conform  to 
the  condition  of  Petrogale.  We  think  that  this  third  head 
represents  the  otherwise  absent  aoleus,  which  may,  however,  as 
in  B,  regain  its  independence,  though  taking  origin  from  the 
large  fabella,  instead  of  from  the  head  of  the  fibula.    The  inner 
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hmd  of  the  gasiroentmims  has  abo,  in  the  cMer 
ftbeIla,of  much  smaller  size  than  that  of  the  o^:^ 
differently  sikiated.  This  fabella  lies  bdo^  tb?  c!rd:2  re  ^ 
moflele  from  the  back  of  the  eoDdrle  of  the  i«r::ir.  a=id  >erw^«ii 
Ae  muscular  fibres  and  ihat  bone,  npoo  wtxh.  ib=rrf-T?-  :; 
plays. 

The  planiarts,  arising  as  above  mentioned,  is  m, 
muscle,  exceeding  in  size  the  oaler  head  of  tb? 


■j^>-  «j^ 


After  being  joined  by  the  expansioDS  from  the  ham^szfsr?.  :?« 
tendon  paeses  over  the  os  calds  into  the  sDle  of  xhe  5xl  Tbfrv 
it  gives  off  a  slip  to  fonn  a  perforated  tendon  for  the  cci^  «:•?. 
The  main  portion,  after  this  slip  has  hem  siren  o5.  iiTiis  ^z-^ 
three  parts,  of  which  the  two  lateral  are  attached  t*:  the  frcr« 
on  tibe  plantar  surface  of  die  large  sesamoid  plate  v^:h  ::=p^r- 
lieB  the  tarso-metatarsal  articulation,  whilst  the  central  becc 
the  perforated  tendon  of  the  fourth  toe.  PopiH/^s  is  Terr 
as  in  Petrogale,  but  the  portion  which  arises  from  the  s 
cartilage  is  almost  completely  segmented  off  from  the 
There  is  a  very  distinct  rataior  fibulae. 

In  the  sole  of  the  foot  there  are  three  mnscl-^ :  1 1 »  a  thiz 
band  on  the  inner  side,  which  ends  in  tendons  for  the  2  a:>i  3 
toes:  this,  which  is  functionally  an  addudor  «r/-i  -^i  €t  tr^.'. 
^gitorum,  probably  represents  the  adductor  hallueis.  w:J.:L.  iz 
the  absence  of  that  toe,  has  acquired  attachments  to  iboee 
nearest  to  it;  (2)  addudar  minimi  digit i^  absent  in  A:  io» 
itxor  hrecis  quarH  digiti,  much  the  largiest  muscle  :  single  at  it^ 
origin,  it  divides  into  two  parts  at  its  inserticm  into  the  spurs  r.f 
the  sesamoid  plate  of  the  metatarso-phalangeal  articulation. 

Vascular  Systkm. 

The  heart  in  A  is  exactly  similar  to  that  of  Petro^ie :  and 
even  at  the  early  age  of  the  animal  from  which  it  was  taken, 
there  are  no  signs  of  a  fossa  ovalis  or  other  foetal  structure!  In 
B  the  condition  is  similar,  except  that  in  the  right  Yentricle 
there  is  a  very  distinct  though  small  moderator  band  attached 
just  below  the  ventral  musculus  papillaris  of  the  valve.  From 
the  base  of  the  dorsal  musculus  several  fibrous  cords  spring 
which  taaverse  the  cavity ;  and  still  nearer  the  apex  there  is  a 
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second  muscular  band,  which  passes  from  the  dorsal  to  the 
ventral  wall.  The  thymus  in  A  occupies  its  usual  situation :  it 
consists  of  two  lobes,  each  of  which  is  about  75  mm.  in  length. 
The  aorta  and  great  vessels  are  as  in  Petrogale.  The  common 
carotid  bifurcates  opposite  the  cephalic  end  of  the  larynx,  and  at 
this  point  the  superior  thyroid  is  given  off,  the  lingual  B,nd  facial 
arising  very  shortly  afterwards.  The  subclavian  and  a^xiUary 
arteries  are  as  in  Petrogale.  The  h^axkial  gives  off  a  small 
branch  some  little  way  above  the  supra-condylar  foramen,  which 
descends  to  the  surface  of  the  forearm,  and  may  correspond  to 
the  human  radial.  The  remainder  of  the  artery  divides  into 
tdnar  and  posterior  interosseous,  as  in  Petrogale.  The  abdominal 
aorta  and  its  branches  are  arranged  as  in  Petrogale,  and  the 
condition  of  its  caudal  end,  which  is  that  already  described  by 
Owen,  assumes  considerable  interest  in  the  light  of  the  observa- 
tions of  Young ^  on  the  middle  sacral  artery.  The  aorta  divides 
into  three  branches  opposite  the  disk  between  the  fifth  and  sixth 
lumbar  vertebrae.  Of  these  branches  the  lateral  are  the  two 
external  iliac  arteries,  whilst  the  central,  which  passes  still 
farther  caudalwards,  divides  into  the  two  iiUcrnal  Uiac  arteries, 
and  gives  ofif  the  caudal  artery.  It  is  customary  to  describe  the 
two  internal  iliac  arteries  as  branches  of  the  caudal ;  but  assum- 
ing, which  we  believe  to  be  the  case,  that  Young  is  correct  in  his 
view,  it  would  be  more  accurate  to  say  that  in  the  Kangaroo 
the  external  iliac  arteries  are  direct  branches  of  the  aorta,  which 
subsequently  divides  into  the  two  internal  iliacs  and  gives  off 
the  caudal.  The  femoral  artery  gives  off  no  definite  external 
drcumfiex^  but  there  is  an  internal  circumflex.  After  giving  off 
the  last-named  vessel,  the  femoral  divides  into  saphenous  and 
popliteal,  as  in  Petrogale,  and  both  of  these  trunks  are  distributed 
as  in  that  animal  The  veins  are  arranged  as  in  Petrogale,  the 
vena  cava  posterior  occupying  a  position  ventral  to  the  iliac 
arteries. 

Nervous  System. 

The  arrangement  of  the  cranial  nerves  and  of  the  cervical 
plexus  is  the  same  as  that  of  Petrogale,  and  there  is  a  depressor 

^  "  Abnormalities  of  the  middle  saoral  artery,  and  their  morphological  aignifi- 
cance/'  Jour,  qfAnat,  and  Phys,,  vol.  zzxi.  p.  169. 
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nerve,  which  lies  close  to  the  vagus.  As  regards  the  hrajchial 
plexuSj  it  has  been  ahready  mentioned  that  the  subscapularis  is 
not  supplied  (as  it  is  in  Petrogale)  by  the  suprascapular  nerve. 
The  eoraco-brachialis  is  supplied  by  a  slender  twig  which  comes 
from  the  outer  cord  before  the  outer  head  of  the  median  has 
become  detached  from  it  The  median  itself  is  formed  in  the 
axilla  as  in  man,  and  not  low  down  in  the  arm,  as  in  Petrogale. 
It  passes  through  the  supracondylar  foramen,  and  in  the  upper 
part  of  the  forearm  it  gives  ofiF  the  radial,  which  goes,  as  in 
Petrogale,  to  the  dorsal  side  of  the  radial  three  and  a  half  digits. 
The  importance  of  this  method  of  the  origin  of  the  radial  nerve, 
in  relation  to  Faterson's  well-known  views  as  to  the  brachial 
plexus,  has  already  been  alluded  to  in  the  paper  on  Petrogale. 
The  rest  of  the  course  of  the  median  is  as  in  Petrogale.  The 
ulnar  comes  off  in  the  axilla,  and  gives  off  in  the  upper  part  of 
the  arm  a  small  irUemal  cutaneous  branch,  which  supplies  the 
skin  over  the  olecranal  region.  There  is  also  a  large  internal 
cutaneous,  which  is  derived  from  the  internal  cord.  The  only 
point  upon  which  stress  need  be  laid  in  connection  with  the 
lumbar  plexus  is  the  high  origin  of  the  internal  ciUaneovs  nerve 
of  the  thigh,  which  can  be  traced  almost  entirely  into  the  third 
lumbar  nerva 

DiGBSTivB  System. 

There  are  eight  transverse  ridges  on  the  roof  of  the  Jiard 
palate.  The  soft  palate  is  thick  and  large,  and  possesses  a  long 
narrow  uvula,  which  appears  to  contain  very  little  muscular 
tissue.  The  epiglottis  is  intranarial.  The  tongtie  in  both  speci- 
mens possesses  three  circumvallate  papillae :  the  fungiform  and 
filiform  papillae  are  scarcely  developed  in  A,  whilst  in  B  they  are 
present  in  normal  numbers.  In  both,  feeble  transverse  folds 
indicate  the  position  of  the  papillae  foliatae,  which  are  better 
developed  than  in  Petrogale.  The  tongue  has  no  transverse 
ridges  in  either  specimen.  The  salivary  glands  correspond  in  all 
particulars  in  B  with  those  of  Petrogale,  but  in  A  there  is,  in 
addition  to  the  ordinary  glands,  a  further  pair  of  large  size 
lying  at  the  root  of  the  neck,  and  meeting  one  another  in  the 
mid-ventral  line  (see  fig.  2).    They  are  pyrif orm  in  shape,  with 
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the  stalks  directed  towards  the  head,  and  their  broader  posterior 
ends  overlap  the  pectoralis  major.  Histolc^cal  examination 
proved  that  these  gkuds  were  salivary  in  their  nature,  but  we 
did  not  succeed  in  tracii^  the  temiination  of  their  ducts. 

The  stomach  poaseasea  a  bifurcated  greater  cul-de-sac :  it  has 
also  two  very  Btroi^  longitudinally  running  miiaeular  bands,  one 


Pia.  2, — Ventral  aspect  of  neck  of  t<i?to1  Uacropus  rafvs.  1,  Gitra  ulinir 
gUnds.  2,  Sublingiul  gUnds.  3,  Git.  juf^Ur  vein.  4,  Stema-hjoii 
niDMle.     S.  Uylo-hjoid  mnicla.     6.  Pectoralu. 

on  either  aide,  which  cause  the  greater  curvature  to  be 
exceedingly  sacculated.  The  smaller  curvature,  which  measures 
twelve  inches  in  length  in  B,  aa  well  as  that  part  of  the 
atomach  which  intervenes  between  it  and  the  longitudinal 
bands,  is  smooth,  and  devoid  of  sacculations.  A  third  longi- 
tudinal band,  running  along  that  part  of  the  lesser  curvature 
which  is  nearest  to   the  pylorus,   causes   the  formation  of  an 
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antrum  pylori.  There  are  no  glandular  patches  in  the  interior 
of  the  stomach  around  the  opening  of  the  oesophagus.  The 
iniedines,  like  the  stomach,  closely  correspond  to  the  description 
given  of  this  part  of  the  anatomy  of  kangaroos  by  Owea  The 
caecum  is  straight  and  non-sacculated,  and  contains  several 
Ffeyerian  patches,  some  of  which  are  of  large  size.  The  spleen 
presents  the  usual  tri-radiate  appearance.  The  liver  (see  fig. 
3)  consists  of  right  lateral  and  central,  left  lateral,  spigelian 
and  caudate  lobes,  and  the  gall-bladder  rests  between  the  two 


Fig.  3. — Liyer  of  Maeropus  rufiu,  seen  from  below.  Ji.L,  Right  lateral.  Ji,C, 
Bigjttt  central.  X.X,  Left  lateral.  Sp,  Spigelian.  CaUf  Caudate  lobes. 
0,b,  Gall-bladder.     /;  Falciform  ligament. 

portions  of  the  right  central.  In  thus  describing  the  lobulation 
of  the  liver,  we  are  aware  that  we  are  adopting  a  different 
method  from  that  of  others  who  have  dealt  with  the  marsupial 
liver.  For  these  writers  the  gall-bladder  is  the  line  of  demarca- 
tion between  the  right  and  left  central  lobes.  We  cannot  agree 
with  this  method  of  looking  at  the  matter,  since  we  believe  that 
the  falciform  ligament,  with  its  contained  umbilical  vein,  is  the 
morphological  line  of  division  between  the  right  and  left  halves 
of  the  liver.    The  gall-bladder  is  an  offshoot  from  the  bile-duct, 
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and  may  be  absent  in  some  mammals :  it  ought  not,  therefore,  to 
be  looked  upon  as  having  any  significance  in  the  division  of  the 
liver ;  and  when  it  is  present,  it  always  rests  either  upon  the 
right  central  lobe  or  between  its  halves.  We  regard,  in  the 
present  instance,  that  part  of  the  liver  which  is  to  the  left 
of  the  falciform  ligament  as  representing  the  left  central  lobe  : 
it  is  comparatively  small,  quite  destitute  of  any  fissure,  and  the 
left  lateral  lobe  must,  therefore,  be  considered  as  absent  The 
kidneys  are  nearly  on  the  same  level,  though  the  left  is  slightly 
anterior  in  position.  In  A  they  show  slight  transverse  depres- 
sions, which  are  not  visible  in  B.  These  depressions  may  be 
indications  of  lobulation,  but  no  lines  of  division  extend  from 
them  into  the  interior  of  the  organs.  The  adreiuxh  are  small 
flesh-coloured  bodies  (measuring  in  A  ^  inch  antero-posteriorly 
and  \  inch  transversely),  which  lie  a  little  anterior  to  the 
kidneys,  but  are  not  connected  with  them.  The  older  specimen 
being  a  female,  the  internal  genitalia  were  examined.  They 
corresponded  to  the  descriptions  given  by  Owen  and  by  Lister 
and  Fletcher.^  The  last-mentioned  authors  consider  that  the 
central  compartment  in  the  Kangaroo  is  closed  in  the  young 
form,  and  becomes  open  in  Macropus  just  before  the  birth  of  the 
foetus.  In  our  specimen  the  central  compartment  was  closed, 
and  only  communicated  with  the  urogenital  sinus  by  the  two 
lateral  passages,  thus  confirming  the  observation  of  these 
writers. 

^  Broc,  Zool.  Soe.,  1881,  p.  976. 


PREUMINABY  NOTE  ON  THE  STEUCTURE  AND  FUNC- 
TION OF  THE  EPIDIDYMIS  AND  VAS  DEFERENS 
IN  THE  HIGHER  MAMMALIA  By  C.  F.  Myms-Ward, 

Senior  Denumsirator  of  Physiology,   Owens  College^  Man- 
Chester.     (Platk  II.) 

WmLK  the  minute  structure  of  the  testis  has  been  the  object  of 
numerous  and  extensive  researches  for  many  years,  the  structure 
and  function  of  the  epididymis  and  vas  deferens  have  received,  in 
comparison,  little  attention,  it  being  hu^Iy  taken  for  granted 
that  these  points,  for  them  at  any  rate,  had  been  akeady  settled. 

Text-books  of  histology  and  of  anatomy,  both  Engliah  and 
foreign,  state  that  the  epithelium  of  the  former  is  ciliated,  that  of 
the  latter  of  the  columnar  type. 

Hie  function  of  the  epididymis  is  held  to  be  that  of  a  reservoir 
for  the  semen,  the  cilia  driving  the  semen  towards  the  vas 
deferens,  which  latter  is  merely  a  conducting  tube.  With  the 
differences  in  the  character  of  the  epithelium  in  the  various  sec- 
tions of  the  epididymis  it  is  not  proposed  to  deal  minutely  here. 

The  structure  of  the  epithelium  lining  the  body  of  the  human 
epididymis  will  be  first  described,  and  then  it  will  be  shown  that 
similar  appearances  are  presented  in  the  epididymis  of  other 
animate. 

At  present,  at  any  rate,  it  is  not  to  be  inferred  that  strictly 
corresponding  parts  have  been  compared. 

The  epididymis  and  vas  have  been  examined  in  the  following 
animate: — 

1.  Man-  2.  Dog.  3.  Cat. 

4  Rabbit.  5.  Guinea-pig.  6.  Rat. 

7.  Mouse. 

In  every  case,  tfie  perfectly  fresh  organs  were  fixed  and  har- 
dened in  one  or  more  of  the  following  ways : — 

1.  Flemming  (strong  formula,  with  only  2Jp.c.  acetic  acid), 
then  alcohol 
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2.  Marchi*B  fluid,  followed  by  alcohol. 

3.  Abeolute  alcohol 

4.  Mercuric  chloride  (satd.  soln.  in  normal  saline),  then  alcohol 

5.  MtLller's  fluid,  and  subsequently  with  alcohol 

The  hardened  tissues  were  then  nuclear-stained  in  bulk  by 
Ehrlich's  hsematoxylin,  washed  out  with  30  p.c.,  50  p.a,  70  p.a,  and 
84p.c.  alcohol,  strongly  counter-citained  (also  in  bulk),  with  1  pic. 
eosin  in  absolute  alcohol,  imbedded  and  cut  in  paraffin,  or  after 
cutting  the  unstained  tissue  in  paraffin  the  sections  were  stained 
on  the  slide  either  with  (1)  saffi*anin  or  (2)  Delafield. 

In  the  latter  case,  the  Delafield  was  washed  out  in  water,  passed 
through  increasing  strengths  of  alcohol ;  finally  dehydrated,  and 
at  the  same  time  counter-stained  with  the  1  p^c.  eosii^  in  absolute 
alcohol. 

Sections  through  the  body  and  globus  minor  of  the  human 
epididymis  show  that  the  epithelium  is  composed  of  at  least  two  , 
sometimes  three  kinds  of  cells  (fig.  1). 

Bounding  the  lumen  is  a  layer  of  cells,  of  the  columnar  type. 

These  may  extend  outwards  as  far  as  the  basement  membrane 
(fig.  1,  a),  or  may  be  more  or  less  separated  from  it  by  the  inter- 
position of  the  other  kind  or  kinds  of  cell  (fig.  1,  b,  e).  In  some 
parts  there  is  only  one  other  kind  of  cell,  and  th^t  a  small  angular 
cell,  elongated  somewhat  in  a  direction  parallel  with  the  circum- 
ference of  the  tubule.  Its  nucleus  is  relatively  large,  usually 
ovoid,  and,  like  the  cell  containing  it,  its  long  axis  is  usually 
circumferentially  placed  (fig.  l,b);  in  a  few  cases  the  long  axis  is 
radially  placed.  The  nearer  the  globus  major  is  approached,  the 
fewer  in  number  are  these  angular  cells,  while  in  the  lower  part 
of  the  globus  minor  these  cells  form  almost  a  complete  layer  sur- 
rounding the  tubule  external  to  the  coliminar  cells.  Where  this 
latter  is  the  case,  these  cells  tend  to  assume  a  cubical  shape. 

Even  where  this  layer  does  seem  complete,  it  is  rare  not  to 
find  it  interrupted  at  one  or  more  places,  to  admit  the  passage 
outwards  of  the  deep  end  of  one  or  more  of  the  columnar  ceU& 

In  other  sections  many  of  the  columnar  cells  do  not  reaS\. 
much  more  than  half  way  towards  the  basement  membrane ;  and 
where  this  is  the  case,  besides  the  small  irregular  cells  already 
mentioned,  variously  shaped  cells,  whose  long  axis  is  generally 
radial,  occupy  the  space  between  the  deep  ends  of  the  columnar 
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oells  and  either  the  hasement  membrane  or  the  layer  of  irregular 
oella 

Hie  oolmnnar  ceUa,  which  eveiywhere  form  a  complete  layer 
bomiding  the  cavity,  are  not  very  r^ularly  shaped  oolnnma 

(fig  1.  •> 

Where  they  reach  the  basement  membrane,  they  vaiy  in  length 
from  35-55  fi^  and  average  6-3  /a  in  width  at  the  deep  or  outer 
extremity ;  5*5  /u  at  the  superficial  or  inner  extremity. 

Ihis  measurement  of  the  width  applies  to  those  cases  where 
the  cells  line  the  concave  part  of  the  tubule ;  where  they  line  a 
convex  part,  the  superficial  or  inner  end  of  the  cell  is  the  wider. 

In  transverse  section  these  cells  are  irregularly  hexagonal 

To  turn,  now,  to  the  inner  extremities  of  the  oella  The  free 
ends  present  varied  appearances  in  different,  even  nei^bouring, 
celk 

Some  have  the  free  border  produced  into  one  long,  often 
40-50  fi,  not  very  regularly  tapering  process,  which  it  has  hitherto 
been  customary  to  regard  as  a  huge  cUium,  under  the  impression 
that  it  is  motile  (fig.  1,  d,  and  d  in  other  figs.). 

That  part  of  the  free  border  which  is  not  occupied  by  the  pro- 
cess has  a  highly  refractive  appearance,  and  when  seen  in  surface 
view,  as  frequently  occurs  throu^  the  tubule  being  cut  obliquely, 
looks  like  a  cuticular  membrane,  perforated  by  holes  to  allow  the 
passage  of  the  prooessea  It  does  not  seem  possible,  however,  to 
separate  any  such  cuticular  membrana 

In  some  cells  the  tapering  pointed  fiagellum-like  structure  '\& 
replaced  by  a  short,  thick,  often  nearly  cylindrical  process,  with 
roimded  end,  directly  continuous  with  the  cell  protoplasm,  of 
which  it  is  a  projection  (fig.  1,  e). 

Other  GeUs  show  each  a  rather  longer  finger-shaped  process, 
tapering  sli^tly  towards  the  extremity,  which  may  be  slightly  or 
very  distinctly  clubbed  (fig.  1,/,  g). 

Still  other  cells  possess  each  a  long,  very  distinctly  tapering 
process,  which,  instead  of  ending  in  a  point,  suddenly  expands 
into  a  large,  rounded,  pyriform  or  irregularly-shaped  knob  (fig. 

1,*). 

Lying  in  tfie  tube  are  to  be  seen  rounded,  ovoid  or  irregularly- 
shaped  granular  bodies,  resembling  in  all  other  respects  the  knobs 
of  the  last  described  form,  only  they  appear  to  be  free  (fig.  1,  ^•). 
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Indeed,  all  the  stages  can  readily  be  seen,  from  the  condition  of 
a  very  short,  thick,  blunt  process,  not  longer  than  the  width  of 
the  cell  from  which  it  arises,  to  the  fiagellum-Uke  pointed  process 
with  free  knobs  in  the  tubule. 

The  nuclei  of  these  cells  are  ovoidal  or  ellipsoidal,  with  the 
long  axis  radially  placed. 

Precisely  similar  appearances  are  to  be  found  in  the  epididymis 
of  the  Babbit,  Bat,  Guinea-pig,  and  other  animals  examined ;  and 
it  is  certain  that  a  large  percentage  of  mounted  preparations  of 
the  epididymis  (if  they  have  been  carefully  prepared)  will,  even 
with  moderate  magnification,  250-350  diama,  show  in  some  part 
most,  if  not  all,  the  features  above  described  (see  figs.  2,  3,  5,  6,  7, 
8,  9). 

It  has  been  already  mentioned  that  the  angular  or  irregularly 
cubical  cells  which  lie  on  the  basement  membrane  increase  in 
number  as  the  tube  of  the  epididymis  is  traced  from  the  globus 
major  towards  the  vas  deferen& 

In  the  vas  deferens  itself  they  form  a  very  well  defined  layer, 
which,  under  low  powers,  appears  to  be  composed  of  cubical 
cells,  with  relatively  large  rounded  nuclei 

Under  higher  powers  (500  diams.  and  above)  they  are  seen  to 
be  by  no  means  regularly  cubical  (fig.  13,  a). 

The  columnar  ceUs,  which  form  the  boundary  to  the  lumen  in 
the  vas  deferens,  resemble,  in  their  general  features,  the  columnar 
cells  of  the  epididymis ;  but  they  are  specially  characterised  by 
their  very  elongated,  radially  placed  nuclei  (fig.  13,  b). 

The  inner  extremities  of  these  cells  are  often  prolonged  into  a 
fiagellum-like  process,  ending  in  a  point  (%.  13,  c). 

Some  cells  show  the  free  extremity  slightly  prolonged  into  a 
short  clubbed  process  (fig.  13,  d).  All  the  vasa  deferentia  ex- 
amined showed  these  processes,  but  they  were  specially  well  seen 
in  the  vas  deferens  of  a  rat,  where  practically  every  columnar  cell 
was  provided  with  a  very  long  pointed  process  (fig.  12). 

It  will  be  seen,  therefore,  that  at  one  stage  at  any  rate  the  vas 
deferens  presents  an  appearance  almost  exactly  identical  with  that 
usually  described  and  figured  for  the  epididymis. 

The  idea  suggested  itself  that  perhaps  these  appearances  repre- 
sented one  stage  in  a  cyclical  proces& 

To  decide  this  point  if  possible,  male  rats  were  taken  and  put 
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with  fresh  non-pregnant  female!^  eveiy  twenty-four  hoars,  killed 
after  varying  intervals,  and  the  epididymis  and  vas  then  fixed, 
hardened,  stained,  cut,  and  examined  (figs.  10,  11). 

Fp  to  the  present  it  has  not  been  possible  to  disoover  certainly 
the  conditions  necessary  for  obtaining  the  epididymis  in  rats  with 
many  tnbules  in  the  condition  described  for  man,  although  by 
chance  one  gets  a  specimen  e^biting  the  process  in  the  most 
perfect  fashion. 

Conclusions  and  Remarks, 

1.  That  at  one  stage  in  the  life  history  of  the  epididymis, 
appearances  very  much  like  budding  occur. 

2.  That  the  epididymis  is  almost  certainly  a  secretory  tube, 
the  secretion  consisting  of  separated  portions  of  the  lining  cells, 
and  being  destLned  for  the  nourishment  of  the  sperm  ceUa 

-    3.  That  the  vas  deferens  probably  has  the  same  function. 

Appearances  observed  in  some  cases  indicate  that  the  knobs 
undergo  dissolution,  forming  a  granular  mass. 

Another  remarkable  feature  noticed  was  that,  if  the  testis 
showed  signs  of  active  spermatogenesiB,  then  few  knobs  and  little 
sign  of  budding  occurred  in  the  epididymis ;  while,  if  the  epididy- 
mis were  loaded  with  spermatozoa,  and  the  testis  (in  rats  and 
guinea-pigs)  were  practically  quiescent,  then  the  epididymis  exhib- 
ited great  activity,  as  judged  by  abundance  of  clubs  and  free 
knob& 

J.  Schaffer^  has  described  the  appearance  of  glands  in  the 
globus  major  of  the  human  epididymia  That  the  appearances  he 
describes  are  not  glands,  except  in  so  far  as  they  form  part  of  the 
epididymis,  is  certain,  for  preparations  from  the  human  caput 
epididymis  show  at  one  stage  ciliated  and  non-ciliated  cells  lining 
the  depressions  which  Schaffer  designates  glanda 


[Description 


^  JnUrnat,  MonwU,  f,  Anat,  u,  Phys,^  Bd.  xiii.  Heft  9. 
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DESCRIPTION  OF  PLATE  II. 

Outlines  oj  Cells  and  Nvdei,  drawn  by  Camera  Ludda, 

Fig.  1.  Portion  of  epithelium  lining  body  of  Human  Epididymis. 
X  500.    Zeiss.  2  mm.  Apochrom.    Compens.  Oc.  4. 

a.  Columnar  cell  reaching  basement  membrane,  in  this  case  vitb 

free  end  produced  in  short  club. 
h.  Basal  or  irregular  cells, — i.e.,  2nd  kind  of  cell. 

c.  Intermediate  or  3rd  kind  of  cell. 

d.  Cell  with  pointed  flagellum. 

e.  Short  club. 

/.  Finger-shaped  process. 
g,  Long^  well-marked  club. 
K  Ejiob. 
k.  Free  knob. 

Fig.  2.  From  epididymis  of  rat.     x  500.     Abe.  ale. 
Letters  as  in  Fig  I. 

Fig.  3.  From  epididymis  of  mouse,      x  500.     Abs.  ale. 
Letters  as  in  Fig.  1. 

As  a  general  rule,  only  two  kinds  of  cells  occur  in  the  epididymis  of 
the  mouse,  rat,  and  guinea-pig  corresponding  to  those  lettered  a  and  h 
in  human  epididymis. 

Fig.  4.  View  of  epithelium  in  epididymis  of  guinea-pig.     x  120. 

Figs.  5,  6,  7,  8,  9.  From  the  same  epididymis,  showing  all  the 
appearances  described  in  man.  In  fig.  9,  t,  is  seen  a  not  infrequent 
appearance,  where  the  whole  knob  has  not  been  properly  cut  off,  hence 
flagellum-like  structure,  bifid  at  end.  This  epididymis  ^owed  another 
point.  The  spermatozoa  which  filled  the  tubule  were  not  separate,  but 
united  at  the  head,  the  tails  being  free.  A  little  of  this  epididymis 
was  teased  whilst  fresh,  and  the  little  groups  of  united  spermatozoa 
were  observed  moving  about  in  the  fluid.     Lettering  as  Fig.  1. 

Fig.  10.  Section  of  epididymis  tubule  from  rat  which  had  been 
placed  with  six  females,  a  day  with  each  female.  In  this  case  the 
free  knobs  (there  were  none  in  the  section  drawn)  were  especially 
large  and  plentiful,      x  120. 

Fig.  11.  Portion  of  Fig.  10,  included  by  lines  1,  2.      x  500. 

Fig.  12.  Portion  of  epithelium  of  vas  deferens  of  rat,  showing  very 
well  marked  flagellum-like  processes,      x  250. 

Fig.  13.  From  human  vas  deferens. 
a.  Layer  of  irregularly  cubical  cells. 
6.  Characteristic  elongated  nucleus  of  columnar  cells  Uning  vas. 

c.  Columnar  cell,  bearing  flagellum-like  process. 

d.  Very  shortly  clubbed  cell. 

Specimens  themselves  show  much  more  ideally  perfect  processes 
than  those  represented  in  the  figures. 
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ON  THE  STRUCTURE  AND  MORPHOLOGY  OF  THE 
IXTROMITTENT  SAC  OF  THE  MALE  GUINEA-PIG 
{Catfia  cobaya).  By  Frank  J.  CJOLE,  Demonstrator  of 
^oo^offy^  University  College,  Liverpool,     (Platb  III.) 

Mt  attention  was  first  directed  to  the  reproductive  organs  of  the 
male  guinea-pig  by  Professor  Rubert  Boyce,  who  had  detected  an 
abnormal  condition  of  the  testis  in  one  of  the  many  guinea-pigs 
iised  ill  his  laboratory  for  bacteriological  piu*po6e&  This  abnor- 
mality consisted  of  a  very  large  fatty  appendage  attached  to  the 
anterior  end  of  each  testis  (see  fig.  1,  Cp,  E.) — obviously  an  hyper- 
trojJiy  of  the  small  adipose  appendage  normally  found  in  the 
same  position.  This  appendage  extended  laterally  and  internally 
as  a  narrow  band  to  unite  with  the  *  cauda '  epididymis,  and  on 
the  left  side  was  found  to  be  If  cm.  long  and  IJ  cm.  broad. 
Professor  Boyce  having  very  kindly  placed  the  specimen  at  my 
disposal,  I  cut  some  transverse  sections  of  the  appendage,  and 
found  that  it  consisted  of  a  central  very  vascular  core,  surrounded 
by  a  thick  adipose  sheath.  Coursing  through  the  fat  were  a  few 
small  spermatic  tubules,  containing  imdoubted  spermatozoa. 
Seventeen  of  these  tubules  were  counted  in  one  section.  It 
seems  to  me,  therefore,  impossible  to  escape  the  conclusion  that 
the  appendage  normally  present  in  the  guinea-pig,  and  abnormally 
developed  in  the  specimen  under  discussion,  represents  the 
*  caput'  epididymj!9  of  other  manunals  in  a  degenerate  condition. 
This  is  assumed  by  Cannieu  (7),  who  does  not,  however,  seek  to 
prove  his  point ;  whilst  Provost  and  Dumas  (1),  who  were  the 
first  to  describe  the  appendage,  compare  it  with  the  fat  bodies 
of  batractuans  (p.  172),  which  is,  of  course,  in  harmony  with 
the  old  view  that  the  corpora  adiposa  of  the  frog  represent  an 
epadidynns.  Provost  and  Dumas  also  figure  (pi.  11)  the  hyper- 
t^phied  condition  of  the  '  caput '  epididymis,  and  assert  in  the 
description  that  this  condition  is  '  often '  found  in  the  guinea- 
pig.  This,  however,  is  contrary  to  the  experience  of  Professor 
Boyce,  who,  I  believe,  has  only  seen  it  once.  Such  a  condition 
is  not  without  normal  parallels  among  the  rodentia.    In  Dasy- 
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proda  there  are  adipose  appendages  to  the  epididymis,  and  they 
are  also  characteristic  of  the  rat,  whilst  Owen  (2,  p.  76)  found 
them  to  be  very  well  developed  in  Capromys,  It  is,  further,  an 
interesting  fact  that  in  hermaphrodites  predominantly  male  a 
tendency  to  fatty  d^neration  of  the  epididymis  is  frequently 
observed. 

This  preliminary  point  having  been  determined,  I  started  an 
investigation  into  the  nature  of  the  penial  intromittent  sac,  and 
arrived  at  the  following,  I  think,  somewhat  interesting  results: — 


fracture. 

As  is  well  known  in  most  rodents  and  marsupials,  the  penis, 
in  the  intervals  of  sexual  activity,  is  retracted  within  an  eversible 
fold  of  skin.  Situated  below  the  anal  aperture  is  seen  another 
well-marked  aperture,  having  puckered  lips.  This  ia  the  aperture 
of  the*  dermal  sac  formed  by  the  retraction  of  the  penis,  and 
only  exists,  of  course,  when  the  penis  is  in  that  condition.  If 
this  sac  be  opened,  the  penis  is  seen  lying  in  it  with  the  glans 
directed  backwards  (see  fig.  2).  When  the  penis  is  extended,  this 
dermal  sac  is  everted,  and  forms  its  outer  covering  or  integument, 
and  is  therefore,  in  a  sense,  an  '  artifact,'  whilst  the  withdrawal 
of  the  penis  not  only  forms  the  sac  anew,  but  involves  the 
curvature  of  the  penis,  which,  as  in  most  Rodents,  is  bent  on 
itself. 

Dorsal  to  the  aperture  of  the  urethra  when  the  penis  is  with- 
drawn, and  ventral  to  it  when  erected,^  is  seen  the  large 
transverse  mouth  of  the  intromittent  sac  (fig.  2,  2).  If  a  ventral 
incision  be  made  (fig.  3),  this  sac  will  be  found  to  be  about  1^ 
cm.  long,  whilst  attached  at  its  base,  and  lying  in  its  cavity,  will 
be  seen  two  horny  styles,  having  a  breadth  at  their  bases  of  1 
mm.  and  a  length  of  5  mm.  (fig.  1,  5  and  fig.  3,  7).  Two  dorsal 
longitudinal  folds  are  also  conspicuous  (fig.  1,  7  and  fig.  3,  3),  and 
these  are  seen  to  be  the  backward  prolongations  of  the  lateral  lipe 
of  the  urethral  aperture,  the  ventral  lip  of  the  latter  consistiDg 
of  unmodified  corpus  spongiosum  separating  the  aperture  of  the 

shall  Qse  the  terms    'dorsal'   and  'ventral'  to  indicate  the  relations 
of  the  sac  in  the  extended  penis,  i.e.  when  the  sac  is  occupying  a  ▼entral  position. 
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urethra  from  that  of  the  intromittent  sac.  Attached  at  the  base 
of  the  latter,  and  in  the  same  straight  line  as  the  homy  styles, 
are  the  two  retractor  '  tendons '  of  the  sac  (fig.  1, 4  and  fig.  3,  6), 
which,  after  a  course  of  about  1^  cul,  fan  oat,  and  have  an  elabo- 
rate attachment  to  the  int^ument  of  the  penia  Una  attachment, 
though  difiBeult  to  dissect,  and  confused  by  the  entrance  of  small 
blood-yessels  into  the  '  tendon,'  is,  however,  undoubted,  and  there 
is  no  connection  either  with  Uie  corpus  spongiosum  or  with  the 
coipora  cavernosa,  whilst  there  seems  also  to  be  a  certain  quan- 
tity d  muscle  fibre  at  the  attachment 

With  regard  to  the  histology  of  the  intromittent  sac  (see  fig. 
5X  sections  show  it  to  have  a  homogeneous  structure  throug^ut. 
Its  lining  \b  thrown  into  numerous  folds  and  pajnUsB— all  having 
precisely  the  same  structure  as  the  sac  itself.      Hie  two  erectile 
styles  themselves  are  simply  elongated  papillae,  so  that  the  follow- 
ing d^cription  applies  also  to  them.    Starting  from  the  lining  of 
the  cavity  of  the  sac,  which  is  morphologically  the  outer  surface, 
and  ignoring  the  coagulated  mucus,  one  first  encounters  a  thin 
layer  of  superficial  homy  scalea     Underneath  this  is  a  well- 
marked  zone  of  homy  fibres  of  a  homogeneous  structure,  except 
at  the  apices  of  the  two  homy  styles,  where  the  layer  somewhat 
resembles  a  kind  of  muco-cartilage,  having  cavities  which  some- 
times lodge  granular  cell&    The  fibres  wear  away  and  readily  peel 
off,  being  recruited  from  the  layer  beneath  it,  and  some  sections 
show  the  homy  cells  in  all  stages  of  transition  to  homy  fibres. 
Beneath  the  latter  layer  is  a  stratum  of  comified  cells  of  some 
thickneaBu    The  most  superficial  cells  are  conoderably  flattened, 
and  have  their  cell  walls  somewhat  defined,  but  more  centrally 
the  cells  seem  to  become  fused  together  so  as  to  form  a  homy 
matsix,  in  the  cavities  of  which  the  nuclei  are  seen  lying.      The 
nuclei  near  the  surface  are  rounded,  few  in  number,  and  equally 
scattered;  but  deeper  they  are  much  more  numerous  and  closer 
together,  whilst  the  most  central  are  colunmar,  and  lie  at  ri^t 
angles  to  the  surface.      The  whole  layer  finds  a  close  parallel  in 
the  comified  epidermis  of  the  frog.     Between  the  comified  cells 
and  the  homy  fibres  traces  of  a  '  stratum  granulosum '  were  seen 
in  parts.    So  far  we  have  simply  been  dealing  with  a  modified 
epidenniB,  as  is  obvious  from  its  relations  and  histology.      The 
dermis  itself,  which  Ues  undemeath  it,  is  so  modified  and  fused 
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with  the  corpus  spongiosum  that  it  is  impossible  to  distinguish 
it  (fig.  5,  6).  The  whole  layer  has  the  characteristic  structure  of 
the  corpus  spongiosum,  with  its  cavernous  or  venous  spaces, 
arteries,  and  trabecuks,  and  is  histologically  indistinguishable 
from  it.  Both  the  intromittent  sac  and  the  two  homy  styles 
are,  therefore,  erectile.  The  styles,  being  simply  papillse  raised 
on  the  inner  surface  of  the  sac,  contain  no  representative  of  an 
outermost  layer.  A  kansverse  section  of  one  of  the  homy  styles 
(see  fig.  4, 18)  shows  simply  an  outer  layer  of  homy  fibres,  an 
inner  layer  of  homy  cells,  and  a  central  core  of  erectile  tissue. 
With  the  sac  itself  this  is  different,  and  it  is  presumed  that  there 
must  be  some  membrane  forming  an  outer  covering  for  the 
corpus  spongiosum  of  the  sac  (see  fig.  4).  Tins,  however,  my 
sections  fail  to  demonstrate,  unless,  as  is  very  likely  the  case,  it 
be  the  layer  of  areolar  tissue  (fig«4, 10),  which  is  continued  on 
to  the  two  *  tendons  *  (see  *  Morphology '  below). 

Turning  to  the  '  tendons '  of  the  intromittent  sac,  we  find  that 
they  have  an  absolutely  unique  structure  (fig.  6).  This  varies 
somewhat  in  different  parts,  and  the  following  description  is 
based  on  a  section  taken  at  about  the  middle  of  a  *  tendon.'  On 
the  outside  there  is  a  fairly  thick  but  extremely  loose  layer  d 
connective  areolar  tissue,  resembling  that  covering  the  intromit- 
tent sac  itself.  The  fibres  run  transversely,  and  the  nuclei  are 
well  marked.  The  greater  part  of  the  '  tendon '  is  necessarily 
made  up  of  elastic  fibres,  amongst  which  are  seen  a  few  scattered 
tendon  cells,  of  the  usual  stellate  character.  The  fibres  of  the 
external  areolar  sheath  pass  inwards  between  the  elastic  fibres, 
and  appear  to  \mite  internally  to  form  a  very  fine  internal 
areolar  lining.  From  this  internal  lining  there  pass  a  few  very 
fine  connective-tissue  fibres,  which  unite  with  the  walls  of  the 
artery  and  vein.  The  tendon  is  hollow,  and  the  cavity  is  almost 
entirely  filled  up  with  a  large  vein  and  a  small  artery,  the  vein 
having,  of  course,  thinner  wall&  The  walls  of  both  arteiy  and 
vein  are  very  simple,  those  of  the  vein  being  very  thin,  and 
composed  entirely  of  circular  muscle  fibres,  with  well-marked 
nuclei  The  walls  of  the  artery  are  much  thicker,  and,  from  the 
disposition  of  the  nuclei  internally,  there  seems  to  be  a  trace  of 
an  endothelial  layer.  Outside  this  there  is  an  obvious  layer  of 
circular  muscle  fibres,  with  large  nuclei,  whilst,  finaUy,  in  parts, 
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there  is  a  distinct  connectiye-tissue  layer,  connected  by  fine  fibres 
with  the  internal  areolar  lining  of  the  tendon. 


Morphology. 

There  can  be  no  doubt  that  the  intromittent  sac  of  the  guinea- 
pig  is  a  sense  oigan,  and,  farther,  that  the  sac  itself,  with  its  rich 
nerroiis  supply  (see  fig.  4,  2),  is  for  experiencing  sensation,  and 
the  homy  styles,  without  any  marked  nerve  Supply,  for  producing 
it.  When  the  penis  is  erected  during  copulation,  the  sac  is 
ererted ;  and  this  is  most  ingeniously  effected  by  means  of  the  two 
internal  longitudinal  folds  (see  fig.  3,  3).  These  folds,  as  will  be 
seen  on  reference  to  the  fig.,  are  merely  the  prolongations  into  the 
intromittent  sac  of  the  lateral  boundaries  of  the  urethral  aperture, 
and  it  will  be  noticed  that  their  urethral  or  basal  attachments 
are  broad  and  substantial,  whilst  that  once  inside  the  sac  they 
taper  do¥m  to  a  point  Transverse  sections  show  these  folds  to 
be  highly  erectile,  in  fact  much  more  erectile  than  the  remainder 
of  the  intromittent  sac ;  and  we  can  hence  readily  understand  that, 
when  they  become  erected,  there  is  a  tendency,  owing  to  the 
Btrong  attachment  of  the  base  of  each  fold  to  the  tip  of  the  glans 
penis,  for  the  intromittent  sac  to  rotate  forwards,  so  as  to  bring 
the  sac  into  the  same  straight  line  with  the  rest  of  the  penis, 
instead  of  lying  underneath  and  parallel  to  it.  This  tendency, 
however,  is  prevented — (1)  by  the  integument,  and  (2)  by  the  two 
elastic  '  tendons';  and  thus  the  erection  of  the  folds  does  the  only 
other  thing  possible  for  it  to  do,  i,e,  everts  the  intromittent  sac. 
When  the  erection  is  over,  the  sac  is  withdrawn,  partly  by  the 
elasticity  of  the  two  *  tendons,'  and  partly  by  the  muscle  fibres  in 
connection  with  them. 

The  erection  of  the  intromittent  sac  is  produced  by  an  equally 
ingenious  and  interesting  apparatus.  When,  by  some  chance,  I 
first  cut  sections  through  the  middle  of  the  tendon,  I  was  much 
astonished  to  find  that  it  was  hollow,  and,  further,  that  this  hol- 
lowness  was  due  to  a  large  vein  and  an  accompanying  small 
artery  (fig.  6).  Further  investigation  showed  that  these  vessels 
re^ectively  entered  and  left  the  'tendon'  at  the  region  of  its 
insertion  into  the  int^ument,  and,  coursing  down  its  entire  length, 
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supplied  and  drained  the  erectile  tissue  of  the  sac,  the  two  homy 
styles,  and  possibly  also  the  two  longitudinal  folds  abova  Here, 
then,  was  the  mechanism  of  the  erection  of  the  sac.  By  the  con- 
traction of  the  circular  muscles  of  the  vein  in  the  '  tendon '  (see 
above),  the  cavernous  spaces  of  the  erectile  tissue  of  the  intromit- 
tent  sac  and  its  accessories  would  become  goi^ed  with  blood 
received  from  the  artery  in  the  *  tendon,'  and  would  hence 
become  strongly  erected.  The  'tendons,'  therefore,  perform  a 
double  function :  first,  they  lodge  the  mechanism  for  the  erection, 
but  Tiot  the  eversion,  of  the  intromittent  sac ;  second,  after  erec- 
tion, they  withdraw  the  sac,  and  serve  to  keep  it  in  its  normal 
position.  I  believe  the  above  mechanism  is  without  a  parallel  in 
the  reproductive  apparatus  of  the  Mammalia. 

That  a  tendon  should,  during  its  whole  length,  transmit  an 
artery  and  vein,  was  to  my  mind  sufficiently  extraordinary  to 
enjoin  further  investigation.  I  consequently  cut  a  series  of 
horizontal  sections,  including  both  the  tendons  and  the  intro- 
mittent sac,  and  found  that,  as  the  tendons  approached  the  sac, 
their  structure  b^n  to  be  modified.  Instead  of  consisting  of 
well-marked  longitudinal  fibres,  with  comparatively  few  nuclei, 
they  began  to  take  on  the  appearance  of  erectile  tissue,  the  nuclei 
were  more  numerous,  the  fibres  began  to  have  a  less  definite 
course,  cavernous  spaces  appeared,  until  finally  at  the  sac  itself 
the  structure  of  the  tendon  was  absolutely  indistinguishable  from 
that  of  the  sac.  A  series  of  transverse  sections  through  the 
entire  penis  shows  this  difiference  still  more  clearly.  In  these 
sections  the  structure  of  the  sac  can  be  compared  in  the  same 
section  with  that  of  the  corpus  spongiosum  urethrse,  and  it  is  at 
once  observed,  working  backwards  from  the  extremity  of  the 
penis,  that  the  tendon,  at  first  precisely  resembling  both  the 
intromittent  sac  and  the  corpus  spongiosum,  gradually  changes 
its  structure,  until  it  becomes  merged  into  the  elastic  fibres  shown 
in  fig.  6. 

It  accordingly  follows  that  these  two  tendons  are  simply 
modified  erectile  tissue,  and  this  at  once  explains  the  presence  of 
the  artery  and  vein.  The  only  morphological  difTerence  between 
the  tendon  and  sac  itself,  is  that  in  the  former  there  is  no  repre- 
sentative of  the  epidermis ;  but  the  disappearance  of  this  would 
be  a  logical  consequence  of  the  posterior  portion  of  the  sac  taking 
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on  itself  the  function  of  tendon,  sinee  die  homy  filfcs  and  b.-mr 
cells  are,  of  couise,  non-elastic.  I  coDsequentlj  bold  that  bxh 
the  tendon  and  tiie  sac  have  been  derived  from  the  same  simeiure, 
the  anterior  part  of  which  became  modified  to  form  the  s»,  ^nd 
the  posterior  part  to  form  the  tendons.  Hie  two  homy  styks 
probably  appeared  later  in  the  phylogenetic  history  of  the 
apparata& 

A  histolc^cal  examination  of  the  integmnent  of  the  penis  ai>1 
liie  waU  of  die  intromittent  sac  reveals  the  fact  that  they  are  in 
all  reqpects  of  essentially  similar  stnictore,  and  it  most  therefor? 
be  condoded  that  the  intromittent  sac  has  been  at  least  parthr 
derived  from  the  int^oment    Further,  the  fact  that  the  outer 
surface  of  the  int^mn^it  is  found  to  correspond  with  the  lining 
<^  the  interior  of  the  withdrawn  sac  (see  fig.  4)  shows  that  the 
latter  is  formed  in  much  the  same  way  as  the  central  nerrous 
system  is — by  the  fusion  of  two  raised  f old&    Hie  only  di£culty 
lies  in  the  impossibility  of  distinguishing  between  the  dennal 
and  the  erectile  portions  of  it,  since  the  former  is  itself  erectile,  and 
closely  resembles  in  parts  both  the  corpus  spr»ngio6am  and  the 
corpora  cavernosa  (see  fig.  4,  8)l    An  account  of  the  development 
of  the  sac  is  a  great  desideratum ;  and  it  seems  to  me,  judging 
from  a  knowledge  of  its  adult  anatomy,  that  it  must  be  formed 
as  follows: — ^The  sac  would  result  from  the  down¥rard  growth  and 
ventral  fusion  of  two  folds,  leaving  an  aperture  anteriorly,  which 
becomes  the  aperture  of  the  sac,  and  remaining  posteriorly  con- 
nected with  the  skin    The  corpus  spongiosum  urethral  must  then 
grow  downwards  and  surround  the  sac,  so  as  to  form  its  external 
erectile  sheath ;  whilst  posteriorly,  by  the  degeneration  of  the  epi- 
i  iknnis  and  the  modification  of  the  dermis  and  corpus  spongiosum, 
the  'tendons'  are  formed.    This,  in  brief,  is  the  conclusion  to 
which  a  lengthened  study  of  this  curious  apparatus  has  led  me, 
and  the  matter  must  now  be  left  in  the  hands  of  those  who  have 
the  necessary  embryological  material  at  their  disposal 
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The  first  reference  to  the  reproductive  organs  of  the  male 
^linea-pig  occurs  in  a  memoir  by  Prevost  and  Dumas  (1),  who 
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figoie  the  entire  genital  organs  of  the  male,  and  in  pL  11, 
fig.  3,  give  a  very  rough  figoie,  but  no  description,  of  the  everted 
intromittent  sac.  Owen  (2)  next  gave  a  brief  description  (pp. 
75-6),  but  no  figures,  of  the  intromittent  sac  of  the  Spotted 
Cavj  {Ccdogenys  subfuseci),  whilst  Bymer-Jones  (3)  devoted  a 
few  lines  to  the  organ  in  the  guinea-pig,  and  erroneously  stated 
that  the  muscle  fibres  of  the  'tendon'  were  derived  ''from 
the  bidb  of  the  urethra  and  the  rami  of  the  corpora  cavemoea.'" 
A  figure  of  the  extremity  of  the  penis  of  Codogenys  is  aleo 
given.  Owen  (4)  reproduces  Bymer-Jones'  figure  and  descrip- 
tion, but  states  that  the  '  tendons '  are  derived  from  the  ischio- 
cavemosus  muscle  (i.«.,  the  '  erectores '),  this  being  again  an 
error.  The  work  of  Cannieu  (7),  which  I  was,  unfortunately, 
unable  to  procure  until  the  present  communication  was  finished, 
only  anticipates  this  work  in  some  unimportant  respects.  He 
remarks  that  the  two  prolongations  of  the  lips  of  the  urethra 
""  aident  puissamment  au  d^plissement "  of  the  sac,  but  his  descrip- 
tion of  the  sac  is  very  imperfect,  and  he  erroneously  figures  the 
basal  row  of  homy  cells  (see  fig.  5)  as  forming  a  perfectly  distinct 
row  of  separate  columnar  cells.  He  points  out  the  resemblance 
between  the  origin  of  the  tendons  and  the  outer  layer  and  the 
sac,  and  figures  them  as  solid,  although  he  casually  remarks  in 
the  text  that  they  contain  *'  des  vaisseaux  qui  les  parcourent 
dans  toute  leur  longueur."  His  fig.  16  is  very  misleading,  and 
one  understands  from  it  that  the  whole  of  the  extremity  of  the 
penis  is  eversible,  although  fig.  12  contradicts  this  impression. 
The  eversion  of  the  sac  is  considered  in  some  way  to  be 
assisted  by  the  vessels  in  the  tendons  ( ! ),  but  the  resemblance 
of  the  outer  wall  of  the  sac  to  the  corpus  spongiosum  is 
correctly  pointed  out.  Cannieu's  figures  are  very  unsatisfac- 
tory, his  fig.  17,  for  example,  being  largely  undecipherable.  It 
is  further  erroneous  in  two  important  respects :  (1)  the  folds 
shown  in  fig.  4, 17,  are  lettered  as  the  prolongations  of  the  lips 
of  the  urethra,  which  are  dorsal,  and  moreover  anterior  to  the" 
region  figured ;  (2)  the  wall  of  the  large,  lateral,  cavernous  space 
in  the  intromittent  sac  (see  fig.  4)  is  described  as  the  cellular 
pouch  of  the  sac. 

I  have  to  again  express  my  great  indebtedness  to  Professor  6. 
B.  Howes,  F.E.S.,  who  very  kindly  procured  for  me  most  of  the 
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literature  cited  in  the  Bibliography,  and  who  is  ever  rea<JT  with 
generous  assistance  and  advice. 
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DESCRIPTION  OF  PLATE  III 

Fig.  1.  Dissection  from  the  ventral  surface  of  the  generative  organs 
of  a  male  guinea-pig.  The  Cowperian  glands  are  omitted,  and  the 
urethral  portion  of  the  uterus  masculinus  is  removed.     Natural  size. 

BL  Bladder. 
C,  C.  Corpus  cavernosum  (dissected  from  urethra,  and  pinned  out). 
C.  E,  Cauda  epididymis. 
Op.  E.  Fatty  ahnormal  caput  epididymis. 
C,  S.  Corpus  spongiosum. 

G,  Tip  of  glans  penis. 
0.  P,  Os  penis. 
P.  Penis. 
Pr,  Prostate. 
S.  Scrotal  sac  (abdominal). 
S.  V,  *  Seminal  vesicle.' 
T.  Testis. 

U.  Urethra  (note  its  aperture  posteriorly  at  the  gkns). 
U,  M.  Uterus  masculinus  (hydatid  of  ^lorgagni). 
Ur,  Ureters. 
V.  Verumontanum.    Aperture  of  uterus  masculinus,  and  fold  of 
mucous  membrane  protecting  apertures  of  vasa  deferentia 
and  seminal  vesicles  removed. 
V.  D,  Vas  deferens. 

1.  Dots  leading  to  opening  of   vas  deferens  into  the  prostatic 

urethra  at  the  verumontanum. 

2.  Dots  leading  to  aperture  of  seminal  vesicle  at  the  side  of  the 

verumontanum  into  the  prostatic  sinus. 

3.  Ventral  waU  of  prostatic  urethra  dissected  off  to  show  veru- 

montanum and  openings  of  vasa  deferentia  and  seminal 
vesicles. 

4.  Vascular  '  tendon '  of  intromittent  sac. 

5.  Erectile  styles  of  same. 

6.  Intromittent  sac  dissected  away  and  laid  at  side  of  penis. 

7.  Prolongations  of  hp  of  urethral  aperture  into  the  cavity  of  the 

intromittent  sac. 

8.  Lip  of  aperture  of  intromittent  sac. 

Fig.  2.  Dissection  from  ventral  surface  of  the  withdrawn  perns. 
Outer  skin  and  the  fold  of  skin  forming  sac  for  the  withdrawn  penis 
removed  from  the  ventral  surface.  Extremity  of  penis  then  turned 
forward,      x  2. 

1.  Aperture  of  urethra. 

2.  Aperture  of  intromittent  sac. 

3.  Penis  turned  forward  so  as  to  expose  its  dorsal  surface. 

4.  Outline  of  penis  underneath  dermal  sac. 

5.  Point  at  which  penis  is  bent  on  itself. 
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6.  Inturned  fold  of  skin,  forming  sac  for  withdrawn  penis,  con- 

tinued on  to  glans  as  its  integumentary  sheath.     Forms 
external  covering  of  penis  when  extruded. 

7.  Outer  skin. 

8.  Aperture  of  dermal  sac  (exists  only  when  penis  is  withdrawn). 

¥ig.  3.  Penis  dissected  from  ventral  surface.  Skin  and  ventral 
wall  of  intromittent  sac  removed,      x  2. 

1.  Papilliform  tip  of  glans. 

2.  Aperture  of  urethra. 

3.  Prolongation  of  lip  of  urethral  aperture  into  cavity  of  intro- 

mittent sac. 

4.  Dorsal  wall  of  sac.     Its  free  edge  separates  the  urethral  aper- 

ture from  that  of  the  sac. 

5.  Cut  wall  of  sac. 

6.  'Tendon'  of  sac. 

7.  Homy  erectile  style. 

8.  Integument  seen  reflected  on  to  sac,  and  thence  continued  as 

the  lining  of  its  interior. 

Fig.  4.  Transverse  section  through  penis  at  the  region  of  the  hases 
of  the  erectile  styles.  Obj.  3".  Drawn  with  camera,  and  then  re- 
duced to  a  little  less  than  a  half,      x  15. 

1.  Integument.     Note  outer  layer  of  horny  fibres,  middle  layer 

of  homy  cells,  and  inner  layer  of  the  erectile  dermis. 

2.  Nerves  in  transverse  section.     Note  the  others — shown  black. 

3.  Os  penis. 

4.  Periosteum  of  penial  bone. 

5.  Medullary  space  (os  penis  not  fully  ossified). 

6.  Corpus  cavemosum. 

7.  Ventral  fusion  of  same. 

8.  Dotted  line,  showing  where  the  corpus  cavernosum  is  indis- 

tinguishable from  the  adjacent  erectile  dermis. 

9.  Subcutaneous  areolar  tissue  (  =  portion  of  albuginea  ?). 

10.  Areolar  tissue  (formed  by  the  separation  of  the  intromittent 

sac  from  the  adjacent  erectile  tissue  ?). 

11.  Urethra. 

12.  Corpus  spongiosum. 

13.  Cavernous  space. 

14.  Arteries. 

15.  Dotted  line,  showing  apposition  of  intromittent  sac  and  corpus 

spongiosum. 

16.  Intromittent  sac  in  transverse  section.      Note   the  internal 

layer  of  horny  fibres,  the  middle  layer  of  horny  cells,  and 
the  external  coat  of  erectile  tissue.  Note  also  the  cavernous 
spaces  and  arteries  of  the  latter. 

17.  Fold  of  lining  of  sac.     Not  one  of  the  prolongations  of  the 

lips  of  the  urethra,  which  are  dorsal  and  situated  anterior  to 
this  re^on. 

18.  Erectile  style  in  transverse  section.     Note  the  same  layers  as 

in  the  intromittent  sac. 
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Fig.  5.  Longitudinal  section  through  the  base  of  one  of  the  erectile 
styles  (this  section  will  answer  for  one  through  the  wall  of  the  intro- 
mittent  sac).     Drawn  with  camera,  Leitz  3,  Oc.  2.      x  80. 

1.  Mucus. 

2.  Superficial  layer  of  horny  scales. 

3.  Style  continuous  with  intromittent  sac. 

4.  Layer  of  longitudinal  horny  fibres. 

5.  Layer  of  cornified  cells.     Between  tliis  and  the  fibrous  layer 

(4)  traces  of  a  'stratum  granulosum'  are, sometimes  seen. 

6.  Central  core  of  cavernous  erectile  tissue. 

7.  Arteries  of  same. 

8.  Venous  or  cavernous  spaces  of  same. 

Fig.  6.  Transverse  section  of  one  of  the  tendons  of  the  intromittent 
sac,  showing  the  erectile  apparatus  of  the  sac.  Drawn  with  camera, 
Leitz  3,  Oc.  2.      x  80. 

1.  External  sheath  of  areolar  tissue.     Fibres  transverse. 

2.  Tendon  fibres  in  transverse  section.     Note  the  few  scattered 

stellate  tendon  cells. 

3.  Very  faint  internal  lining  of  areolar  tissue.     Fibres  transverse. 

4.  Scattered  connective- tissue  fibres  uniting  the  internal  areolar 

lining  with  the  artery  and  vein. 

5.  Erectile  vein. 

6.  Erectile  artery. 

7.  Outer  connective-tissue  coat  of  artery. 
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ENDARTERITIS  PROLIFERENS.  By  W.  Ainsuk  Holms, 
M.D.  Cantab.,  RE.C.P.  Lond.,  Senior  Physician  to  the 
Sussex  County  Hospital. 

Pathogenesis, — ^Endarteritis  prolifereus  vel  obliterans  is  essen- 
tially a  disease  of  the  smaller  vessels ;  and  it  so  far  differs  from 
atheroma,  which  attacks  by  preference  the  aorta  and  the  large 
central  arteries.  Besides  this  difference  in  the  distribution  of 
the  two  diseases,  their  incidence  locally  and  their  subsequent 
evolution  are  dissimilar.  These  peculiarities  have  led  some 
pathologists  to  assume — wrongly,  I  believe,  although  perhaps 
not  unnaturally — that  their  etiology  must  necessarily  be  unlike. 
In  a  series  of  papers  published  elsewhere,^  I  have  adduced 
reasons  for  the  belief  that  in  many  instances  atheroma  is  due 
to  the  occasional  presence  of  obnoxious  foreign  particles  in  the 
blood  stream.  Whether  these  small  particles  are  in  every  case 
the  true  etiological  factors  of  atheroma  is  likely  to  remain  a 
debatable  question  for  some  time  to  come.  Meanwhile,  the 
provisional  acceptance  of  such  an  hypothesis  appears  more 
reaaonable  to  my  mind  than  to  assume  a  knowledge  of  its 
causation  by  vaguely  ascribing  atheroma  to  senility,  mental 
worry,  or  overwork,  as  is  now  too  often  done. 

On  the  other  hand,  the  etiology  of  endarteritis  prolif erens  does 
not  present  quite  the  same  difficulty  that  atheroma  does, 
hecaose  pathologists  are  in  a  general  accordance  when  they 
describe  this  disease  as  one  ''  brought  about,  as  a  rule,  by  some 
general  irritant,  which  affects  the  arteries,  along  with  the 
connective  tissue  of  the  organ  generally."*  Here,  however,  my 
mterpretation  of  the  word  '  irritant '  may  differ  considerably 
from  that  of  the  authors  quoted.  From  the  examples  of  this 
<li8ea8e  which  have  come  under  my  notice,  and  to  which  special 
reference  will  be  made  in  this  paper,  the  association  of  atheroma 

'  Jowm,  Paik»  and  Ba^cUriol.^  London,  vol.  8,  pp.  1  et  seq,     Tr,  Royal  Mtd, 
Chr.  Soc,  ToL  Izxvii.  p.  69. 
*  Ibid,,  Tol.  iv.  p.  88.    Paper  by  Drs  Coats  and  Auld. 
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with  endarteritis  proliferens  is  far  from  unusual.  The  two 
cases  from  which  the  photographs  were  taken  to  illustrate  these 
remarks  were  both  of  them  affected  with  extensive  aortic 
atheroma. 

In  cases  of  advanced  atheroma,  the  blood  must  repeatedly 
convey,  besides  its  proper  corpuscular  elements,  the  granular 
detritus  washed  from  the  surface  of  a  crumbling  patch  of 
intima.  Whatever  may  be  the  ultimate  destination  of  these 
particles  matters  not  as  regards  our  present  inquiry.  It  ia 
evident  that  many,  if  not  all,  of  them  will  strike  against  the 
walls  of  the  vessels  through  which  they  pass ;  and,  other  things 
being  equal,  the  smaller  the  artery,  the  more  frequently  will 
such  accidents  probably  happen.  The  repeated  impact  of 
foreign  material  against  the  living  walls  of  a  small  artery  will,  I 
assume,  mainly  produce  two  resalts, — first:  an  immediate 
reaction  of  the  endothelium,  subjected  to  the  blows.  What  thia 
reaction  consists  in  remains  at  present  unknown.  Possibly  it 
may  take  the  form  of  active  molecular  changes  in  the  affected 
cells,  to  which  the  words  '  stimulation '  or  '  irritation '  may  be 
applicable.  Subsequently,  and  as  a  consequence  of  this  irritation, 
secondary  effects  will  arise,  the  chief  one  of  which  is  probably  a 
spasmodic  contraction  of  the  muscular  coat.  Now,  I  wish  to  show 
in  the  following  pages  that  the  histology  of  endarteritis  proliferens 
singles  out  these  two  structures,  the  endothelium  and  the  con- 
tractile media,  as  specially  affected  in  this  disease.  All  the 
evidence,  then,  at  my  disposal  points  to  the  presence  of  foreign 
particles  in  the  blood  as  an  important  factor  in  the  causation 
of  endarteritis  proliferens,  whatever  else  may  occasionally 
induce  it. 

Histology, — The  sections  described  in  this  paper  were  prepared 
in  a  similar  manner :  they  were  first  hardened  in  a  10  per  cent, 
solution  of  formalin;  then  stained,  and  finally  mounted  in  Canada 
balsam.  Although  text-books  have  repeatedly  described  and 
illustrated,  oftentimes  diagrammatically,  the  transverse  section 
of  healthy  artery,  perhaps  I  may  be  permitted  to  give  a  photo- 
graph of  the  intima  of  a  popliteal  artery  from  a  6-7  months 
foetus  which  died  in  tUero^  and  was  removed  at  its  mother's 
autopsy.  It  is  important  to  compare  the  inner  surface  of  an 
artery  absolutely  free  from   the  suspicion  of    contamination 
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through  the  circalation  with  others  which  have  been  admittedly 
exposed  to  contamination.  I  ahall  not  tire  the  readers  of  the 
Jowmal  with  a  deacription  of  the  figure.  It  apeaks  for  itself. 
(See  fig.  1.)     I  shall,  however,  refer  to  it  hereafter. 

The  next  illustration  (fig.  2)  represents  a  traQSveree  section 
of  an  upper  ceaophageal  branch  of  the  aorta  from  a  woman  ^ed 
69  years,  who  died  of  cancer,  involving  the  cardiac  end  of  the 
stomach.  The  portion  shown  in  the  figure  was  situated  a  few 
millimetres  only  from  a  very  atheromatous  aorta.  There  is  no 
doubt  about  the  extent  or  nature  of  the  disease  affecting  the 
arterial   coats  in  this  figure.     We  can   see  the   lumen   of  the 


vessel  is  much  diminished  by  endothelial  cell  proliferation,  occur- 
ring mostly  in  the  shape  of  rounded  projections.  These  are 
separated  from  one  another  by  deep  indentations,  which  appear 
to  extend  almost  to  the  muscular  coat,  and  probably  represent 
the  longitudinal  furrows,  into  which  the  intima  is  thrown  by 
ttte  contraction  of  its  muscular  ring.  Aa,  however,  it  will  he 
more  convenient  to  consider  the  histology  of  this  disease  with 
regard  especially  to  the  early  sb^es  of  its  growth  and  develop- 
Eoent,  I  pass  on  to  the  next  illustration  (fig.  3).  This  also 
depicta  a  cross-section  of  an  oesophageal  branch  of  the  aorta. 
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The  specimen  was  taken  at  the  autopsy  of  a  man  aged  61 
years.  He  suffered  from  dysphagia  for  six  months  before  death. 
At  the  post-mortem  examination  a  stricture  of  tiie  cesophf^iis 
was  found,  commencing  about  an  inch  above  the  level  of  the 
bifurcation  of  the  trachea,  and  ext«ndii^  for  two  inches 
downwards.  The  tissues  were  greatly  thickened  around  the 
stricture ;  and  opposite  the  bifurcation  there  was  an  opening 
into  the  left  bronchus,  the  size  of  a  sixpence,  surrounded  by 
fnngatii^,  ulcerous  walls.      The  glands  adjacent  the  strictnre 


were  infiltrated   with   a   soft  yellowish-white   material.      The 
aorta  was  very  atheromatous. 

The  endarteritis  in  this  instance  has  not  led  to  such  an  ex- 
cessive proliferation  of  endothelium  as  was  observable  in  the 
previous  figure.  There  is,  however,  an  overgrowth,  consiating 
for  the  most  part  of  small,  ill-developed  cells.  A  sort  of  level- 
ling up  procesB  has  then  apparently  commenced.  The  longi- 
tudinal folds  into  which  the  intima  of  a  small  artery  is  naturally 
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thrown  by  the  contraotion  of  ita  musoalar  coat  were  first  filled 
and  eubBequeutly  obliterated  by  the  young  cell  fonnation.  This 
is  well  shown  in  figure  4,  where  we  can  trace  the  original 
bonndory-line  of  the  renal  arteriole  as  it  apparently  dives  into 
the  new  tissues.  The  nuclei  were  unfortunately  not  stained  in 
thia  section.  We  can,  however,  observe  them  in  figure  3. 
Their  arrangement  is  peculiar.  Whilst  those  in  the  inner 
lining  of  the  vessel  are  fortuitously  dotted  through  the  new 


I,  a  large  number  of  the  spindle-shaped  nuclei  in  the  outer 
endothelial  layers  are  amu^d  with  their  long  aies  radially. 
From  one  or  the  otiier  pole  of  the  nuclear  body  we  may,  not 
rarely,  see  thread-like  extensions,  which  pass  of tentimes  between 
two  adjacent  cells.  In  the  inner  and  more  irregularly  shaped 
cells  I  have  occasionally  found  two  nuclear  prolongations  from 
one  corpuscle.  These  highly  stained  filaments,  I  presume,  are 
merely  pseudopodial  extensions  of  the  nuclear  plasm.     If  this 
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interpretation  of  their  function  is  a  true  one,  it  follows  that  'we 
have  here  to  deal  with  little  masaefl  of  protoplaam,  formerly 
endowed  with  independent  powers  of  locomotion.  To  some 
writei's  who  doubt  the  presence  of  vagrant  corpuscles  among  the 
arterial  tissues,  except  as  rare,  and  hence  uninteresting,  strangers, 
this  suggestion  wiU  not  be  acceptable ;  yet  the  existence  of '  free 
nuclei'  in  such  situations  is  admitted  by  many  pathologiBts.  If 
we  grant   these  independent  bodies  the  power  of  locomotion 


during  life,  their  arrangement  in  the  arterial  walls,  as  above 
described,  gains  in  s^nificaDce  what  it  loses  in  singularity. 
We  can  then  account  for  their  dissimilarity  in  the  inner  and  the 
outei  layers  of  the  endothelium.  The  newly  formed  cellular 
lining  of  the  vessel,  less  cohesive  than  the  older  basement  cells, 
penuite  freer  movements  among  nuclear  bodies  embedded 
within  it ;  hence  their  spheroidal  or  broadly  pyriform  shapes 
when  compared  with  the  slender  spindle-like  corpuscles  of  the 
deeper  layers,  for  the  latter  are  laterally  compressed  in  their 
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through  the  firmer  and  more  resistant  tissues  of  the 
origmal  arterial  walL 

According  to  my  observations,  then,  it  would  appear  that 
endarteritis  proliferens  affects  an  artery  somewhat  in  the  follow- 
ing manner.    By  the  repeated  impact  of  foreign  particles  against 
the  sides  of  a  small  arteiy  a  state  of  '  irritation,'  or  '  molecular 
onrest/  as  I  prefer  to  call  the  condition,  is  established  within 
45ertain  endothelial  cells.    This  unrest  manifests  itself  physio- 
logically by,  as  it  were,  rousing  the  little  central  mass  of  nuclear 
plasm  of  the  cell  from  its  dormant  condition  to  one  of  active 
movements.    The  nuclear  disturbance  is  quickly  made  known 
to  the  vasomotor  nerves,  and  contraction  of  the  artery  follows. 
Now,  as  we  shall  see  more  completely  when  I  come  to  consider 
the  formation  of  the  tubular  clot,  this  spasmodic  contraction  of 
the  muscular  coat  of  the  vessel  is,  under  such  circumstances, 
about  the  worst  misfortune  that  could  happen*    By  occurrii^, 
as  it  probably  does,  during  the  passage  of  a  cloud  of  noxious 
particles  through  the  artery,  it  enhances  the  risk  that  is  always 
present  of  some  being  retained  within  the  folds  of  the  intima, 
to  form  a  still  more  permanent  source  of  irritation.     Hence  it 
ha]ypens  that  the  cells  at  the  bottom  of  a  longitudinal  fold  are 
more  liable  to  disturbance  from  this  cause  than  others  situated 
elsewhere.    Moreover,  from  the  physical  laxness  of  the  tissues 
in  the  same  situation  moating  leucocytes  will  probably  select 
the  furrows  as  points  of  departure,  a  further  source  of  '  molecular 
unrest '  to  the  neighbouring  endothelium. 

The  existence  of  free  nuclei  in  the  walls  of  a  blood-vessel 
almost  suggests  the  presence  of  denucleated  cells  there.  That 
such  cells  occur  amidst  the  endothelium  of  a  normal  artery  I 
feel  confident ;  the  more  so,  as  their  presence  seems  to  have 
been  tacitly  admitted  by  some  of  the  leading  histologists  and 
pathologists  of  the  present  day.  I  have  before  me  at  the  time 
of  writing  two  text-books,  selected  at  random,  one  upon  human 
histology,  the  other  on  practical  pathology,  each  by  well-known 
men.  A  cross-section  of  a  normal  artery  forms  one  of  the 
many  beautiful  figures  with  which  each  work  is  embellished. 
The  lumen  of  the  vessel,  as  drawn,  is  margined  in  either  case  by 
a  series  of  dotted  projections,  alternating  with  others  which  are 
undotted.    The  text  of  each  work  informs  the  reader  that  the 
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dotted    projections    represent    nucleated   endothelium.     What 
the  undotted  spaces  depict  is  not  stated,  although  in  one  figure 
about  50  p.c.  of  the  margin,  and  in  the  other  fully  a  fourth,  is  so 
drawn.    I  assume  that  the  artists  intended  to  show  by  the 
blank  spaces  their  inability  to  see  any  nuclei  at  those  parts. 
I  do  not  wish  to  assert  that  one  cell  in  every  four,  lining  a 
normal  artery,  is  without  a  visible  nucleus,  even  in  well  stained 
sections,  but  I  maintain    that  a  considerable    percentage    of 
endothelial  cells  are  normally  without  stained  nuclei  when 
seen  as  microscopic  preparations  (fig.  1).    Now^  the  absence 
of  a  visible  nucleus  may  theoretically,  I  take  it,  be  due    to 
three  causes : — (1)  It  may  not  take  the  selected  stain.     In  such 
cases,  however,  the  outUne  of  the  nucleus  is  always  faintlj 
perceptible,  if  the  light  is  rightly  arranged.    (2)  The  cell  may 
never  have  had  a  nucleus. — a  suggestion  of  little  valua    (3) 
Finally,  the  nucleus    may  have  escaped  from  the   cell,  and 
consequently  the  latter  was  actually  denucleated  at  the  time 
the  section  was  made.    The  last  explanation,  in  so  far  as  it 
also  seems  specially  applicable  to  the  new  cell  formation  of 
endarteritis  proliferens,  I  shall  here  adopt  as  the  true  one. 

To  resume  the  progressive  history  of  this  disease.  When^ 
through  over-stimulation,  the  potential  energy  of  a  ceUed  nucleus 
is  converted  into  active  movement,  it  may  lead  to  the  subdivision 
of  the  nucleus  and  the  formation  of  daughter  cells  on  the  inner 
surface  of  the  artery;  or  a  part  or  the  whole  of  the  nucleus 
may  escape  through  the  cell-wall,  producing  two  results,  a  free 
nucleus  and  a  denucleated  cell.  When,  by  some  such  process, 
the  natural  folds  of  the  intima  have  been  locally  obliterated, 
and  the  dilation  of  the  artery  consequently  restricted  (figs.  3 
and  4),  an  interesting  pathological  cycle  is  apparently  induced. 
As  I  have  elsewhere  stated,  although  we  cannot  follow  the 
actual  movements  of  a  locomotory  corpuscle  in  a  stained  and 
mounted  section,  we  may  frequently  infer  the  direction  in 
which  it  was  travelling  at  the  time  of  death  from  two  considera- 
tions ;  namely,  that  it  would  probably  protrude  its  pseudopod 
towards  the  point  it  was  making ;  or,  secondly,  that  the  vacant 
burrow  it  had  already  made  whilst  passing  through  the  re- 
ostant  tissues  would  be  behind  it.  Viewing  their  probable 
movements  in  this  light,  I  have  come  to  the  conclusion^  as  the 
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remit  of  many  observatioiiB,  that  the  little  roving  protoplasmic 
I  Duuiily  pass  in  two  directiooB  through  the  diseased 
Whilst  a  certain  number  of  them  apparently  force 
their  way  outwards  between  the  cells  of  old  endothelium  at 
the  bottom  of  the  filled-in  furrows,  others,  starting  from  the 
areolar  bed,  which  separates  the  intima  and  the  media,  move 
inwards,  passing,  for  the  most  part,  through  the  alternate  folds 
ot  eudot-helinm  dividing  the  furrows  (fig.  3).     In  cross-sections 


FiQ,  1. — Trajuverae  Bection  of  a  rensl  arturiolf,  in  a  case  of  kidney  infarct, 
showiDK  endartcritii  proliferans  in  eiAy  stage.  From  ft  case  of  caoc^r  of  the 
hrad  of  pancreas.     A  pbotograph.     Zeina  F.    x  600. 

the  apices  of  these  folds  are  often  visibly  frayed  out,  their 
brush-like  tops  pointing  inwards  towards  the  blood  current.  This 
brash-like  top  is,  I  consider,  due  first  to  the  escape  of  the 
nucleus  from  an  apical  cell  into  the  newly  formed  tissue  beyond ; 
aeccmdly,  to  the  subsequent  passage  of  inward  bound  motile 
corpuacles  along  Uie   same  route.'       Functionally,   the   frayed 

>  In  connection  with  tbissabject,  compare  the  obMrvationi  of  H.  L.  R&nrier  on 
the  physioUigical  nile  of  lencocytes  in  oorueal  wonnds,  the  forniation  of  '  synaptic  * 
fihwe,  and  the  proliferation  of  the  epithelium.     {Srm.  Mid.,  March  12,  1897.) 
VOL.  XXXIL      (N.a.  VOL.  XII.)  L 
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out  apex  ia  of  importance,  as  it  evideutl;  aBsiete  in  holding 
together  the  feebly  cdiesive  tiaenes  then  liaiof;  the  arteiy.  By 
such  means  are  the  new  tissaes  in  endarteritiB  proliferens 
welded,  oe  it  were,  to  the  old.  In  the  earlier  stages  of  the 
disease,  only  here  and  there  can  a  disrupted  fold  be  seen ;  when 
it  is  advanced,  few,  if  any,  of  the  folds  remain  intact  (fig.    5). 


This  change  is  in  accordaace  with  the  progressive  nature  of  the 
disease. 

In  offering  this  interpretation  of  the  chief  facts  observed  by 
me  in  the  etiology  and  development  of  this  disease,  I  do  so 
without  prejudice  to  the  many  excellent  papers  already 
published  on  this  subject.  I  may  perhaps  be  permitted  to  state 
that,  in  giving  f^in  prominence  to  the  acts  and  wanderings  of 
the  locomotory  corpuscle,  I  have  in  mind  the  history  of  a  little 
speck  of  living  protoplasm,  endowed  with  the  power  of  atoteli/ 
forcing  a  passage  throng  the  surrounding  tissues,  but  the 
direction  and  the  speed  of  whose  movements  are  mainly  deter- 
Also  >  p*p«r  b;  Hin  Lilj  Uuie  od  tha  ch&Dget  which  Uke  pluc  in  the  proui- 
plum  and  nuclcns  of  the  gland  cells  in  tha  tentaclea  of  tha  aun-dew,  Dmtera 
rotundifolia,  after  tha  feeding  the  leaf  with  pieoe*  of  <rhite  of  egg.  The  con- 
olaaioii  ti  dniwa,  that  chaugea  indicative  of  great  activity  of  th«  ducImt  oipni 
an  not  axclniivaly  characteristic  of  cell -diviaioa.  (Quart,  Jour.  Mier.  Sc,  Ju. 
18»7.) 
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mined  by  the  physical  needs  of  ttie  living  tissues  in  which  it  is 
buried,  and  of  which  even  itself  foitns  an  integral  part 


DESCRIPTION   OF  THE   FIGURES,  pp.  155-162; 

WITH  APPROXIMATE  MAGNIFICATION. 

Fig.  1.  Transvene  section  of  the  popliteal  aiteiy  of  a  6-7  moa 
foBtoB.    The  intima  only  ia  shown.     From  a  photograph,     x  532. 

Fig.  2.  Transyerse  section  of  an  OBSophageal  branch  of  an  ather- 
omatoos  aorta,  showing  advanced  endarteritis  proliferens.  From  a 
photograph,     x  150.  —  Fig.  2b.     Another  section  of  the  same. 

Fig.  3.  Transverse  section  of  an  oesophageal  branch  of  an  ather- 
omatoas  aorta.  Early  stage  of  endarteritis  proliferens.  From  a 
photognph.     X  490. 

Fig.  4.  Transverse  section  of  a  renal  arteriole,  showing  endar- 
teritis  proliferens  in  early  stage.  From  a  case  of  cancer  of  the 
head  of  pancreas.     A  photograph,      x  600. 

Fig.  5.  Transverse  section  of  an  oesophageal  aortic  branch,  show- 
ing extensive  proliferation  of  the  endotheliuuL  Case  2.  From  a 
photograph,     x  900. 


SEVENTH  REPORT  OF  THE  COMMITTEE  OF  COL- 
LECTIVE INVESTIGATION  OF  THE  ANATOMICAL 
SOCIETY  OF  GREAT  BRITAIN  AND  IRELAND,  FOE 
THE  YEAR  1896-97.*  Reported  by  F.  G.  Parsons  and 
Abthur  Ekith. 

Thb  following  questions  were  issued  by  the  Committee  of  Col- 
lective Inyestigation  of  the  Anatomical  Society  early  in  October 
1896:— 

1.  The  frequency  of  an  opening  between  the  right  and  left 
auricles  at  the  seat  of  the  foetal  foramen  ovale.  The  number  of 
cases  in  which  the  opening  is  looked  for  should  be  noted,  and 
the  sex  and  age  of  each  recorded.  In  those  cases  where  a 
patency  exists,  an  outline  drawing  should  be  sent  in,  and  the 
size  of  the  opening  determined. 

2.  The  arrangement  and  number  of  the  lymphatic  glands 
accompanying  the  common,  external,  and  internal  iliac  arteries. 
If  possible,  both  sides  of  each  body  should  be  examined,  and  the 
age,  sex,  and  any  special  cause  of  death  recorded.  As  there  is 
reason  to  believe  that  age  affects  the  glands  considerably,  any 
observations  on  children  and  young  adults  in  the  post-mortem 
room  will  be  specially  welcome.  In  their  report  for  1895-96 
the  Committee  have  published  a  figure  showing  provisionally 
the  arrangement  of  these  glands,  and  they  beg  to  recommend 
that  all  returns  should  be  accompanied  by  similar  diagrams. 

3.  The  position  of  the  spinal  accessory  nerve  ?  Whether  it 
passes  outward  between  the  jugular  vein  and  internal  carotid 
artery,  or  between  the  jugular  vein  and  the  atlas  ?  Whether  it 
perforates  the  stemo-mastoid  or  not :  if  so,  does  the  whole  nerve 
perforate,  or  only  a  part  ?  Which  division  of  the  sterno-mas- 
toid  does  it  perforate  ? 

4.  The   presence  of  sesamoid  bodies  in  either   head  of  the 

^  The  Sixth  Report  will  be  found  on  p.  31  of  the  Journal  of  Anatomy,  vol.  xzz. 
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gastrocnemius  and  in  the  tendon  of  the  peroneus  longus.  If 
possible,  the  nature  of  these  bodies  (fibrous,  fibro-cartilaginous, 
cartilaginous,  or  osseous)  should  be  stated. 

The  Committee  is  pleased  to  notice  a  great  improvement  on 
the  returns  of  last  year.  It  ventures  to  hope,  however,  that  many 
of  the  large  institutions  which  have  not  responded  to  the  appeal 
on  this  occasion  will  do  so  on  the  next.  It  should  be  borne  in 
mind  by  gentlemen  sending  in  reports  that  the  Committee  will 
be  pleased  to  receive,  at  the  same  time,  suggestions  for  future 
reaearch. 

Question  I. 

The  frequency  of  an  opening  between  the  right  and  left 
auricles  at  the  seat  of  the  foetal  foramen  ovale. 

Betoms  in  answer  to  this  question  have  been  received  from  the 
following : — 

Dr  A.  Low,  Aberdeen  University ;  Mr  £.  Parkes,  Dublin  Univer- 
sity; Dr  Haygarth,  Edinburgh  University;  Dr  Madge  Maclean, 
Queen  Margaret's  College,  Glasgow;  Dr  Smyth,  Queen's  College, 
Belfast;  Mr  Prentice,  University  College,  Liverpool;  Dr  Sequeira, 
London  Hospital ;  Dr  Yoelker,  Middlesex  Hospital ;  Mr  Acland,  St 
Thomas's  Hospital ;  Dr  Marett  Tims  and  Mr  Dawson,  Westminster 
HoepitaL 

The  most  complete  return  is  that  by  Dr  Sequeira  of  the  London 
Hospital.  As  he  has  gone  into  more  details  than  were  asked  in  the 
question,  we  shall  first  record  his  conclusions  separately,  and  then 
Qse  his  statistics,  together  with  those  received  from  other  sources : — 

A  series  of  Observations  upon  188  human  hearts,  by  J.  H.  Sequeira, 
M.D.,  M.B.C.P.,  Medical  Begistrar  to  the  London  Hospital, 
Physician  to  the  North-Eastern  Hospital  for  Children. 

The  observations  here  recorded  were  made  by  the  kind  permission 
of  the  pathologists  in  the  post-mortem  room  of  the  London  Hospital. 
Two  hundred  hearts  were  examined.  They  were  as  nearly  consecu- 
ti?e  as  the  exigencies  of  pathological  demonstrations  and  the  calls 
upon  my  time  permitted.  Owing  to  incomplete  notes,  I  have  had  to 
exclude  12  specimens ;  and,  as  time  presses,  I  am  sending  statistics  of 
\%%  cases. 

The  points  I  have  noted  are — 

I.  The  presence  or  absence  of  the  foramen  ovale. 
'2.  Its  sae  and  character  when  present. 
3.  The  condition  of  the  fossa  ovaUs  and  annulus. 
4*  The  condition  of  the  Eustachian  valve. 
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5.  The  pieaence  of  endocardial  bands  in  the  cavities  of  the  heart. 

6.  The  condition  of  the  valves,  especially  the  aortic  and  pulmonary. 


1.  Foramen  ovale. 


There  were  61  patencies  in  188  cases  = 
Of  these  there  were  36  „  ,,  108  males  = 
Of  these  there  were  25        ,.        ..80  females ^ 


t* 


»i 


82-4.  p.c 
33*3  p.c. 
81 '26  p.e. 


Tablb. 


Age. 

Under  1  year 

Over  1  and  under  5 
5  „  „  10 
10  „  „  20 
20  „  „  80 
30  „  „  40 
40  „  „  50 
50  „  „  60 
60  „  „  70 
70 


MALES. 

FBMALE8. 

Gases. 

Patent. 

Cases. 

Patent 

2 

2 

4 

4 

10 

6 

6 

4 

7 

1 

2 

1 

12 

3 

6 

1 

11 

4 

14 

4 

19 

3 

16 

3 

18 

8 

16 

3 

13 

4 

11 

1 

13 

4 

5 

4 

3 

1 

— 

1 

108 

36 

80 

25 

2a.  Size  of  potency, — Where  practicable  this  was  measured  by 
means  of  a  graduated  cone.  Where  the  patency  was  funnel-ahaped 
the  size  of  the  outer  orifice  is  given  below. 


SIZE. 

CASES 

Minute, 

admitting  the  head  of  a  fine  probe  . 

8 

2  millimetres  diameter          .        .        .        . 

7 

2-6      „ 

11 

8 

3 

4 

2 

5 

16 

6 

4 

7 

1 

8 

8 

1  centimetre 

1 

61 

2b,  Form  of  patency, — The  most  common  form  is  an  oblique  slit, 
imder  the  annulus  on  the  right  side,  and  under  a  fold  of  endocar- 
diimi  on  the  left.  The  obliquity  of  the  slit  is  such  that  the  opening  is 
not  competent  to  allow  the  passage  of  blood,  especially  when  the 
auricles  contract. 

Diagrammatic  section, — In  only  two  cases  was  it  possible  for  a 
leakage  to  have  taken  place.  In  some  cases  the  slit  on  the  left  side 
simulates  the  orifice  of  a  vein.  In  a  few  cases  (7  out  of  61)  the 
opening  was  funnel-shaped,  the  outer  orifice  being  on  the  right  side 
One  funnel  was  2  centimetres  long,  and  ran  very  obliquely.  In  the 
thin  septum  in  one  case  (where  there  was  also  a  large  oblique  patency), 
there  were  several  minute  holes. 
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In  a  laige  number  of  cases  there  is  a  blind  slit  under  the  annulus, 
in  the  position  of  the  slit-like  patency.  In  one  instance  this  was  2 
eentimetres  long,  and  in  another  1*8  centimetre.     A  similar  condition 
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Fio.  1.  — ^Diagrammatic  seotion  through  a  perforate  Foasa  Oralis. 

From  a  sketch  by  Dr  Sequeira. 

oecois  sometiiiies  under  a  valve-like  fold  on  the  left  side,  and  in  one 
instance  there  was  such  a  cul-de-sac  on  each  side,  a  centimetre  long  on 
the  left  and  6  millimetres  long  on  the  right. 

The  hottom  of  the  cul-de-sac  appeared  in  some  instances  to  be 
closed  by  a  kind  of  scar  tissue,  represented  by  puckered  ridges  of 
eDdocardium. 

3.  The  fossa  ovalis  and  annulua  present  many  varieties.  There 
waft  no  trace  of  an  annulus  in  eleven  oases,  and  in  a  large  proportion  of 
eises  it  was  ill-developed.  In  no  case  where  the  annulus  was 
ibeent  was  there  a  patency. 

The  annulus  was  fenestrated  in  three  cases.  The  floor  of  the  fossa 
18  often  irr^^ular,  being  crossed  by  thickened  bands  of  endocardium, 
and  puckered  up  like  scar-tissue.  This  condition  is  always  more 
marked  on  the  right  side.  The  appearance  suggests  the  closure  of 
the  foramen  by  a  process  akin  to  inflammation. 

The  largest  fossss  I  have  measured  were  3*75  centimetres  across 
(two  cases),  and  the  smallest  (in  a  boy  of  14)  was  6  millimetres  in 
diameter. 

4.  The  Eudachian  valve  was  definitely  fenestrated  in  eleven  cases, 
and  was  cribriform  in  one. 

The  orifice  of  the  valve  was  crossed  by  endocardial,  strap-like 
bands  in  five  instances. 

5.  Endocatdial  bajtds,  under  which  a  probe  could  be  passed,  were 
present  in  the  auricles  in  fifteen  cases  (including  the  five  mentioned 
above).  They  are  most  commonly  met  with  on  the  right  side, 
crobsing  the  orifices  of  two  adjacent  venae  Thebesii,  and  sdso  occur 
attached  to  the  edge  of  the  annulus. 

There  were  two  long  intra-ventricular  bands,  both  occurring  in  the 
left  ventricle,  and  attached  just  below  the  aortic  valve.  They  re- 
sembled chords  tendineae.     One  was  4*2  centimetres  long. 

6.  Valves. — In  only  one  case,  a  male  aged  25,  were  the  valves 
aibnormal.  The  anomaly  was  an  aortic  orifice,  guarded  by  two 
semilnnar  valves  only. 

Other  paints  noticed.—  In  three  cases  (infants)  the  ductus  arteri- 
osus was  patent,  viz.,  a  female  aged  2  days,  a  male  aged  5  days,  and 
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a  female  aged  12  days.     In  the  last  case  the  ductus  was  mach  con- 
tracted, hat  a  fine  prohe  passed  along  it. 

In  one  case  the  left  auricolar  appendix  was  suhdivided  by  a  sep- 
tum into  two  unequal  parts. 

Including  Dr  Sequeira's  cases,  we  have  altogether  records  of  399 
ohsenrations :  of  these  248  are  on  males  and  151  on  femalea 

Of  the  399,  there  was  an  aperture  of  communication  between  the 
two  auricles  in  104  (26  per  cent.). 

In  the  248  males  there  was  a  patency  in  60  (24*2  per  cent.),  while 
in  the  151  females  it  was  present  in  44  (29  per  cent.). 

Table  I. — Frequency  of  Patent  Foramen  Ovale. 


1.  In  all  cases 

2.  In  males 

3.  In  females 


26      per  cent. 

24-2 

29 


») 


If 


» 


a 


It  will  thus  be  seen  that  the  percentage  is  greater  in  females  ihan 
in  males. 

The  fact  that  the  percentages  of  the  total  number  of  cases  work 
out  lower  than  those  of  Dr  Sequeira  is  probably  explained  by  the 
fact  that  he  had  the  opportunity  of  examining  the  liearts  of  a  com- 
paratively larger  number  of  children. 

The  effect  which  age  has  upon  the  patency  of  the  foramen  may 
be  arrived  at  from  the  following  table : — 

Table  II. — Influence  of  Age  on  the  Foramen  Ovale, 


Age. 


Under  1  year 
Between    1  and    5 


M 


>> 


)) 


U 


n 


II 


If 

Over 


5 

10 
20 
30 
40 
50 
60 
70 


II 


u 


11 


>> 


}1 


f) 


10 
20 
30 
40 
50 
60 
70 


Male. 


Gases. 

Patent. 

3 

3      ' 

14 

7 

7 

1 

15 

4 

20 

5 

30 

7 

41 

12 

85 

8 

29 

7 

12 

3 

Percentage. 


100 
50 
14-8 
26-6 
25 
28-3 
29-2 
22-8 
24 
25 


Female. 


Patent 

Percentage. 

6 

88*8 

5 

55-5 

1 

50 

3 

20 

6 

23 

5 

20 

5 

161 

4 
5 
2 


19 

41-6 

50 


The  number  of  cases  in  which  the  age  is  recorded  is,  perhaps,  too 
small  for  us  to  expect  to  get  any  very  satisfactory  percentages :  if  we 
add  together  the  male  and  female  cases,  however,  we  shall  get  some- 
thing more  reliable. 
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Tablb  III. — It^uenee  of  Age  on  the  Foramem  Chale  m  Maim 

and  Femaies  combined. 


Age. 

PeioentagB  of  Patent  FarmmiiuL 

Under    1  year         ....        94*4 

Between    1  and    6    . 

52-75 

»>           5    , 

,    10 

32-15 

..        10    , 

,    20 

23-3 

„        20    , 

,    30 

24 

,.        30    , 

.    40 

21-65 

„        40    , 

.    50 

22-65 

50    , 

,    60    , 

20-9 

60    , 

,    70    . 

32-8 

Over      70    , 

> 

37-5 

'  \ 


K 


"    r 


\ 


A 


F>6. 1— Position  of  the  patency  in  the  Fossa  Oralis.  From  a  sketch  W  Mr 
Prentice,  LiTerpool.— A,  snperior  vena  cava ;  B,  foramina  Thebesii ;  G,  an- 
ttiilna  oTslie ;  D,  patency  ;  E,  infiurior  vena  cava ;  F,  anricvdo-yentricular 
septum ;  G,  aorta. 
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Vttm  thu  it  sppawni  tlut  the  freqtMtiey  of  s  penistent  fomnen  ia 
\KTj  fp^'  '"  children  under  1  year,  and  ttut  it  steadily  decreases 
nntil  the  age  of  20  ia  reached,  after  which  it  persists  in  about  25 
per  cent,  of  all  eases. 

In  5A  additional  rseords  the  exact  ages  of  the  subjects  are  not 
mentioned,  hut  it  is  stated  that  thej  are  adult :  if  by  this  we  may 
understand  that  orer  20  is  meant,  we  may  use  them  for  our  inqair?. 


%1 


Fin.  8.- 


■r«nr*tT*t«d  Foiu  Oralia.     From  ft  iketcb  by  Dr  Smyth, 
afQuMD'*  CallegB,  Balfut 


Of  these  D6  records,  7  (12*6  per  cent.)  have  patent  foramina.  In 
Table  III.  the  percentage  of  patencies  in  all  the  subjects  over  20 
comas  to  26'6  per  cent.  The  mean  of  these  two  observations  gives 
US  19'S  per  rent,  or  practically  20  per  cent,,  as  the  number  of  times 
in  which  we  may  expect  to  find  a  patent  foramen  in  an  adult  heart. 

With  regard  to  the  nature  of  the  patency,  all  our  observations  bear 
out  the  description  nlready  pven  by  Dr  Sequeiia.     Mr  Prenlace  of 


.A'/^'Itt^ 


l^dgt  <rf  Anauliu 


lh>^  i.     ISilvut  FuKM  Oralixi  *iUi  euducuUiid  luiid.     Frvtu  ■  sketch  bj  Dr 
Mutjri-  H>t-l««n,  of  <^w«ii  Msrgant's  Collcgr,  Glaagov, 

l,ivi>r)ti>t)l  |h,unlii  out  iImL,  uhcn  the  heart  is  placvd  in  its  pnfti 
{HWiitton,  Ui«>  ii)^ititi);  is  tn  lh<^  up[i#r  .uid  left  quadrant  of  the  faKBi 
ivvalis,  -tliat  i»  (o  .sty,  under  ihe  ^>oint  of  greater  convrxitT  of  the 

MUtulUf. 

tn  a  f*w  ca!«s  a  f*iiestr*li\l  door  w»s  found  in  th*  foi^a  oralis:  is 
ibsw.  uti^  of  the  <.t{>«nings  s<^ni«tt  lo  be  in  the  Iowa  pan  of  Ott 
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OeOBJonally  endocudial  bands  are  foond  stietchiiig  fnu  the  Sow 
of  the  foen  onlia  to  the  ansuluB,  as  in  fig.  4. 

Sometimes  the;  stretch  from  one  part  of  the  annnhis  to  another,  aa 
mfigfi. 

V\&  regard  to  the  axe  of  the  opening,  when  it  is  present,  ««  art 


Fm.  6.-EDdoc«JiJ  band  acrow  the  Fossa  Oralis.     From  ■  •kttek  bj 
Dr  Smyth,  of  Qnaea'a  Coll«g«,  Balfist 

(Blj  able  to  amplify  Dr  Soqueira's  observationa  to  a  amall  extent, 
bMsiue  many  of  our  contribntors  have  contented  themaelTos  with 
nerely  stating  that  the  foremen  was  small  or  large,  as  the  CMe  might 
be.  In  24  cases,  howeTer,  the  measurements  are  given,  and  in  the 
followinft  table  wp  add  these  to  Dr  Sequeira's  returns  :— 

Tabi.8  IV.— Sk*  o/the  Opening  between  the  Aaj-icU*. 
Measurement.  No.  of  Cases.  Percentage. 

Dnder  2     mm.  11  13 


It  will  thus  be  eetm  that  the  opening  may  be  of  any  sizo  from  a  pin- 
bole  to  a  centimetre. 


SlmMABV   Of  QUBSTIOS   I. 

1.  An  opeuing  between  the  two  auricles  occurs  in  about  a  (juarter 
of  til  caaea,  though  probably,  owing  to  ite  valvular  nature,  no  blood 
puHaUmo^  it 

X  It  ii  noMwhat  more  frequent  iu  females  than  in  males. 

3.  It  it  nry  fieqaant  indeed  in  children  under  one  year :  after  thia 
ita  tmjneney  decreases  until  the  age  of  20  is  reached. 
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4.  In  adults  over  20  the  opening  occurs  about  once  in  five  cases. 

5.  The  opening  is  situated  in  the  upper  and  left  quadrant  of  tlie 
fossa  ovalis. 

6.  Its  size  varies  from  1  to  10  mm. 

Question  II. 

The  arrangement  and  number  of  the  lymphatic  glands  accom- 
panying the  common  external  and  internal  iliac  arteries. 

Observations  were  received  from : — 

Dr  Johnstone,  Queen's  College,  Belfast ;  Mr  H.  P.  Packenridge, 
Middlesex  Hospital ;  Mr  G.  Hadley,  Mason  College,  Birmingham ; 
Mr  A.  Keith,  London  Hospital. 

The  difficulty  of  making  a  complete  examination  of  the  arrange- 
ment of  the  lymphatic  glands  along  the  ihac  vessels,  without  disturb- 
ing the  normal  course  of  dissection,  accounts,  in  a  great  measure,  for 
the  small  nimiber  of  returns  on  this  question.  The  material  ^ 
examined  may  be  stated  in  tabular  form  thus : — 


Right  Side. 

Left  Side. 

Males 

.       52 

29 

Females 

.       25 

17 

Counting  right  and  left  sides  separately,  123  observations  were 
made :  both  sides  were  examined  in  29  males  and  17  females,  23 
males  and  9  females  having  been  examined  on  the  right  side  only. 
So  far  as  this  hmited  number  of  observations  goes,  it  shows  that — 

(1)  The  arrangement  of  glands  on  the  right  and  left  side  of  the 

same  pelvis  is  not,  as  a  rule,  symmetrical:  they  are  rather 
more  numerous  on  the  right  side. 

(2)  There  is  a  considerable  difference  between  the  arrangement  in 

one  body  and  another,  both  as  to  the  number  and  position  of 
the  glands. 

(3)  The  arrangement  in  male  and  female  bodies  shows  no  material 

difference  in  the  position  of  the  glands,  but  they  are  perhaps 
more  numerous  in  the  male  than  in  the  female. 

(4)  The  glands  in  children  at  birth,    as  in  many  of   the  lower 

primates  throughout  life,  form  an  almost  continuous  chain  ; 
they  are  frequently  of  small  size  and  very  few  in  number  in 
old  people. 

(5)  The  glands  are  not  usually  so    abundant  as  represented  by 

Mascagni)  from  whose  works  most  modern  accounts  are  taken. 

(6)  Our  statistics  give  us  no  data  for  drawing  conclusions  as  to  the 

influence  of  disease. 
Owing  to  the  absence  of  a  nomenclature,  which  would  be  of  ines- 
timable convenience  if  each  gland  were  designated  according  to  the 

'  In  order  to  assure  ourselves  that  the  grouping  of  glands  here  employed  was 
a  natural  one,  the  arrangement  in  an  orang,  three  raaoaques,  and  three  ceroo- 
pitheoques  was  examined. 
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Qigu  or  nigioB  it  nceivee  lymph  fram,  we  h*T»  lien  oUvicd  to  «» 
the  secominnying  diagram  to  indiate  the  ^utds  mue  frwiT^r-^T 


Fin.  e.— Di^na  of  Oe  Que  Gluda. 
A.  Ttmonl  collecting.  F.  Uesiil  external  Que    L.  Pado-r»Tir 

a  Deep  e^gutric  G.  Inter  iluc  M.  GlatsL 

C  SnpncnumL  H.  Obtantar.  S.  Htsal  tww  Sac. 

D.  Utenl  erternal  iliac      K.  Hypogutric.  P.  SatMKk. 

L  I«lenl  common  iliac 

pieseni    The  glands  on  the  right  aide  are  maiked  bj  cafMU^  thcec 
M  the  left  by  italics.     It  wiD  be  seen  that  we  tenUtire^  prapoH  a 
nomanclatUTe. 
Gluid  '  A '  {femoral  collecting  gland) : — 

Right  Side.  Left  Side. 

Present.    Absent.        Present.     Abnnt. 
Males  47  5  23  4 

Females  18  7  9  3 

Uis  present  very  generally  in  the  primates  :  it  was  ob^rred  in  an 
anng,  in  three  macaqnea,  and  two  out  of  three  ceKnpithocq'jes.     A 
'    leash  of  vessels  can  be  seen  coming  to  it  from  the  snperficia!  ingni&ftt 
gisnds.    In  three  males,  on  the  right  ade,  it  was  reprevnted  bj  iw-j 
glands. 

Gland  '  B  '  (deep  epigastric  gland) : — 

Right  Side.  Left  Side. 

Present    Absent.        Present.    Ab«&t. 
Males  16  36  15  12 

Females  8  17  7  10 

This  gland  was  not  found  in  any  of  the  primat«s  examined.  It 
ippeais  to  receire  the  lymphatics  accompanying  the  deep  epigutric 
nnela.    It  is  more  frequently  absent  in  man  than  present,  and  is  of 
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Gland  '  C '  (sapracroral  gland) : — 

Right  Side.  Left  Side. 

Present.     Absent.         Present.     Absent. 
Males  34  18  19  8 

Females        11  14  8  9 

This  gland  is  usually  of  large  size,  and  receives  the  deep  femoral 
lymphatics  through  the  crural  canal.  The  lower  end  of  this  gland 
occasionally  projects  into  that  canal,  and  evidently  represents  the 
gland  which  is  usually  described  as  being  situated  within  it.  This 
gland  may  lie  close  to  the  external  iliac  vein,  but  frequently  it  is 
depressed  within  the  pelvis,  almost  in  contact  with  the  obturator 
nerve.  The  vessels  leaving  it  go  mostly  to .  the  gland  lying  in  the 
angle  between  the  external  and  internal  iliac  arteries,  marked  '  G ' 
in  the  diagram  (interiliac  gland).  These  two  glands,  '  G '  and  '  G/ 
are  occasionally  continuous.  This  gland  was  observed  in  all  the 
primates  examined  (1  orang,  3  macaques,  and  3  cercopithecques). 
In  two  male  bodies,  one  on  the  right  side,  the  other  on  the  left, 
there  were  two  glands  in  this  situation. 

Glands  *  D '  (lateral  external  iliac  glands) : — 

Eight  Side.  Left  Side. 

Present.     Absent.         Present.     Absent. 
Males  39  13  17  10 

Females  12  13  7  10 

The  glands  lying  along  the  outer  side  of  the  external  iliac  artery, 
or  in  front  of  that  artery,  as  they  are  occasionally,  are  commonly  two 
in  number,  but  not  infrequently  there  is  only  one ;  or  there  may  be, 
as  is  frequently  the  case  in  very  young  children  and  lower  primates 
generally,  a  chain  of  glands. 

Glands  *  E '  (lateral  common  iliac  glands) : — 


Right  Side. 

Left  Side. 

Present.     Absent. 

Present.     Absent. 

Males 

47                5 

26              1 

Females 

24                1 

14              3 

This  is  the  most  constant  group  of  glands  about  the  pelvis,  although 
it  is  subject  to  much  variation  as  to  the  number  and  position  of  its 
constituent  glands.  The  lowest  gland  of  the  group  commonly  lies 
with  its  lower  end  between  the  common  iliac  artery,  at  its  point  of 
bifurcation,  and  the  brim  of  the  pelvis,  being  occasionally  almost 
continuous  with  gland  'G/  from  which  it  receives  vessels,  both  over 
and  beneath  the  common  iliac  vessels.  The  highest  gland  of  the 
group  lies  in  front  of  the  inferior  vena  cava.  The  vessels  from  the 
glands  '  E '  pass  to  the  glands  by  the  side  of  the  vena  cava  '  Q ' 
(caval  glands),  and  pre-aortic  '  R,'  while  the  vessels  from  '  E '  (on 
the  left)  pass  to  the  glands  '  S '  (lateral  aortic  glands)  by  the  side  of 
the  aorta.     This  group  of  glands  lies  more  posteriorly  to  the  common 
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iSao  arteiy  on  the  left  than  on  the  right.  They  number  equally 
fieqnently  two  or  three,  bat  in  women  and  young  children  are  often 
men  numerous,  at  timee  forming  a  chain. 

Gknd  '  F '  (mesial  external  iliac  gland) : — 


Right  Side. 

Left  Side. 

Present.     Absent. 

Present.     Absent. 

Males 

21             31 

14              13 

Females 

8              17 

7             10 

The  gland  lies  sometimes  on  the  external  iliac  vein,  as  represented 
in  the  diagram,  but  quite  as  frequently  it  is  seated  more  deeply  in  the 
pehriB,  some  way  below  the  vein.  Sometimes  there  are  two  glands  in 
this  position:  they  receive  the  vessels  from  the  gland  'C  It  is 
mors  frequently  absent  than  present. 

Gknds  '  G '  ^teriliac  glands) : — 


Right  Side. 

Left  Side. 

Present.     Absent. 

Present.     Absent. 

Males 

40              12 

19               8 

Females 

19               6 

13               4 

This  is  undoubtedly  the  most  important  group  of  pelvic  glands :  it 
raceives  lymph  from  the  lower  parts  of  the  genito-urinaiy  track, 
Mdes  the  lymph  from  gland  'C  The  position  of  the  group  is 
boAj  constant  in  the  angle  between  the  external  and  internal  iliac 
utenes.  From  these  glands  the  lymphatic  vessels  pass  to  group  '  £.' 
Thsn  is  commonly  only  one  gland,  a  large  one,  but  not  infrequently 
fthsre  are  two,  three,  four,  or  a  group  of  numerous  small  glands. 

Qland  *  H  '  (obturator  gland) :— 


Right  Side. 

T^ft  Bide. 

Present.     Absent. 

Present     Absent. 

Males 

3             49 

2             25 

Females 

2             23 

-            17 

This  gland,  the  obturator,  is  rarely  present.  It  is  a  very  small  one, 
■nd  lies  above  and  outside  the  obturator  nerve  and  vessels,  where 
they  make  their  exit  from  the  pelvis.  It  was  present  in  both  ri^t 
md  left  sides  of  the  orang,  but  not  in  any  of  the  other  primates 
examined. 

Gland  *  K '  (hypogastric  gland) : — 


Right  Side. 

Leftside. 

Present.     Absent. 

Present.     Absent 

Males 

9              43 

5             22 

Females 

2              23 

5              12 

This  gland  lies  on  or  near  the  anterior  division  of  the  internal  i 
uterj,  near  the  point  of  origin  of  the  superior  vesical  artery.     It  is 
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much  more  frequently  absent  than  present.  There  is  commonly  only 
one  gland,  but  on  four  occasions  this  was  represented  by  two,  and  on 
two  occasions  by  three  glands.  The  number  of  glands  appears  to 
have  no  reference  to  the  sex  of  the  individual  This  group  was 
found  in  all  the  primates  examined. 

Gland  *  L  '  (pudo-sciatic  gland) : — 

Bight  Side.  Left  Side. 

Present.     Absent.        Present.     Absent 
Males  7  45  4  23 

Females         2  23  3  14 

Only  in  one  case  were  there  two  glands,  in  all  the  others  only  one. 
It  lies  behind  the  anterior  division  of  the  internal  iliac  artery,  near 
the  origin  of  the  sciatic  artery,  probably  deriving  its  lymph  from  the 
areas  supplied  by  the  pudic  and  sciatic  arteries.  It  is  much  more 
frequently  absent  than  present,  but  may  easily  escape  notice  unless 
specially  sought  for.     It  was  found  in  the  primates  examined. 

Gland  *  M '  (gluteal  gland)  :— 

Bight  Side.  Left  Side. 

Present.     Absent.         Present.     Absent. 
Males  15  37  7  20 

Females  8  17  4  13 

This  gland  (in  only  two  cases  were  there  two)  lies  behind  the 
internal  iliac  artery,  above  and  somewhat  external  to  the  point  of 
origin  of  the  gluteal  artery.  It  receives  lymph  probably  from  the 
area  supplied  by  that  artery.  It  is  rather  more  frequently  absent 
than  present ;  it  was  found  in  most  of  the  primates  examined. 

Gland  *  N  '  (mesial  common  iliac  glands) : — 

Bight  Side.  Left  Side. 

Present.     Absent.        Present.     Absent. 
Males  16  36  10  17 

Females         11  14  6  11 

This  group  is  variable,  both  in  number  and  position,  but  the  more 
common  number  is  two,  and  the  more  usual  position  i?  on  the  com- 
mon iliac  vein,  close  by  the  side  of  the  common  iliac  artery.  There 
is  frequently  only  one,  and  rarely  three  or  more.  Sometimes  the 
gland  lies  between  the  vessels  and  the  brim  of  the  pelvis,  and  is  then 
hard  to  dififerentiate  from  the  group  *  £,'  along  the  outer  side  of  the 
common  iliac  artery.  The  glands  '  N '  receive  vessels  from  the 
glands  *  L  '  and  '  M.'    This  group  is  generally  represented  in  primates. 

Glands  *  P  '  (sub-aortic  glands) : — 


Bight  Side. 

Left  Side. 

Present.     Absent. 

Present.     Absent. 

Males 

12              40 

5              22 

Females 

G              19 

4              13 

AKAtOMICAL  SOCIETY  OF  GREAT  BRITAIN  AND  IrKLAND.     177 

There  may  be,  with  almost  equal  frequency,  one,  two,  or  three 
glands  in  this  group.  It  is  situated  in  the  fork  between  the  common 
iliac  arteries,  and  on  the  left  common  iliac  vein.  It  receiyes  some 
of  the  vessels  from  the  glands  '  N,'  and  its  vessels  pass  mostly  to 
the  pre-aortic  glands. 

Sacral  glands  are  rarely  present,  at  any  rate  of  a  size  that  can  be 
eatnly  seen  by  the  naked  eye :  they  were  not  observed  once  in  thirty 
bodies  from  which  the  rectum  had  been  removed.  There  are  many 
glands  in  the  meso-rectum,  and  on  the  sacral  surface  of  the  second 
part  of  the  rectum,  but  these  are  hemorrhoidal,  and  not  sacral 
glands. 

Question  III. 

The  position  of  the  spinal  accessory  nerve.  Whether  it  passes 
outward  between  the  jugular  vein  and  internal  carotid  arter}', 
or  between  the  jugular  vein  and  the  atlas  ?  Whether  it  per- 
forates the  ste^rno-mastoid  or  not :  if  so,  does  the  whole  nerve 
perforate,  or  only  a  part  ?  Which  division  of  the  stemo-mastoid 
does  it  perforate  ? 

Replies  have  been  received  from  the  following : — 
Dr  Low,  Aberdeen  University ;  Mr  H.  Priagle,  Dublin  University ; 
Dr  Haygarth,  Edinburgh  University ;  Dr  Johnstone,  Queen's  College, 
Belfast ;  Dr  Madge  Maclean,  Queen  Margaret  College,  Glasgow ;  Mr 
Prentice,  University  College,  Liverpool ;  Mr  H.  Brawn,  Mason  CoUege, 
Birmingham  ;  Dr  Hamilton,  Guy's  Hospital ;  Mr  Keith,  London 
HosfHtal ;  Mr  Fumivall,  St  Bartholomew's  Hospital ;  Mr  H.  Clarke, 
St  Thomas's  Hospital;  Dr  Tims  and  Mr  Dawson,  Westminster 
HospitaL 

In  the  first  place,  we  propose  to  consider  the  relation  of  the  nerve 
to  the  jugular  vein :  to  do  this  we  have  223  records  of  observations 
on  the  right,  and  209  on  the  left  side.  In  42  other  observations  the 
aide  is  not  stated.  These  figures  added  together  give  a  total  of  474 
observations  on  the  right  and  left  sides.  Of  these,  the  nerve  passed 
in  front  of  the  vein,  i.e,  between  the  vein  and  the  internal  carotid 
artery  (prejugular),  in  332  cases  (70  per  cent.).  In  127  cases  (26*8 
per  cent.)  it  passed  behind  the  vein,  i,e.  between  the  vein  and  the  atlas 
(postjugular),  while  in  5  cases  (3*2  per  cent.)  the  nerve  pierced  the 
internal  jugular  vein  ^  (intrajugular). 

Tablb  I. — Frequency  of  the  Pre-,  Post-^  and  Intra-jugtdar  Courses 
of  the  Eleventh  Nerve  in  aU  cases  {both  sides). 

Prejugular  70     per  cent. 

Postjugular  26*8    „      „ 

Intrajugular  3*2    „      „ 

^  In  tfaoee  ctaon  in  which  the  nerve  appears  to  pierce  the  vein  it  does  not  really 
do  80 :  what  happens  is,  that  the  formatiye  tribntaries  of  the  internal  jiu;alar,  the 
lafcenl  and  infenor  petrosal  sinnaes,  have  not  yet  united,  but  are  bonnd  together 
by  filnvoB  tisane  ;  wongh  this  tissne  the  spinal  accessory  passes. 

YQL.  XXZn.  (N.&  VOL.  XH)  M 
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With  regard  to  the  iniluence  which  the  side  of  the  body  exerts  on 
the  relative  frequency  of  these  relations,  we  have,  as  above  stated, 
223  observations  on  the  right  side  and  209  on  the  left. 

Of  the  223  on  the  right,  we  find  that  155  (60*5  per  cent.)  were 
prejugular,  66  (29*6  per  cent.)  postjugular,  and  2  ('9  per  cent.) 
intr^jugular. 

Of  the  209  observations  on  the  left,  142  (67*9  per  cent.)  were 
prejugular,  65  (31*1)  postjugular,  and  2  (1  per  cent.)  intngugular. 

Tablb  II. — BeUxtion  of  the  Eleventh  Nerve  to  the  Vein  on  tlu* 

two  sides. 

Right.  Left. 

Prejugular  69*5  per  cent.  67 '9  per  cent. 

Postjugular  29*6    „      „  31-1    „      „ 

Intrajugular  '9   „      „  I'O   „      „ 


This  table  shows  that  the  side  has  practically  no  influence  on  the 
relation  of  the  nerve  to  the  vein. 

Our  statistics  show  that  the  relation  of  the  nerve  to  the  vein  is  not 
always,  nor  even  frequently,  alike  on  the  two  sides  of  the  same  body 
The  intrajugular  course  was  never  seen  on  both  sides  of  the  same 
body. 

With  regard  to  the  influence  of  sex,  there  are  107  observations  on 
the  right  side  in  males,  and  73  in  females.  Of  the  107  in  males,  77 
(71*9  per  cent.)  are  prejugular,  29  (27  1  per  cent.)  postjugular,  and  1 
(1  per  cent.)  intrajugular. 

Of  the  73  females,  46  (63  per  cent.)  have  the  nerve  taking  a  pre- 
jugular course,  26  (35*6  per  cent.)  a  postjugular,  and  1  (1*4  per  cent.) 
an  intrajugular. 

On  the  left  side,  there  are  observations  of  106  males  and  68  females. 
Of  the  106  males,  75  (70*8  per  cent.)  are  prejugular,  31  (29*2  per 
cent.)  postjugular,  and  none  intrajugular. 

Of  the  68  females,  47  (69*1  per  cent.)  are  prejugular,  21  (30*9  per 
cent.)  postjugular,  and  none  intrajugular. 

Table  III. — Influence  of  Sex  on  the  relation  of  tJie  Nerve  to  the  Vein 

on  the  right  side, 

Male.  Female. 

Prejugular  71*9  per  cent.  63     per  cent. 

Postjugular  27*1   „      „  35*6   „      „ 

Intrajugular  1    „      „  1*4   „      „ 

Table  IV. — Influence  of  Sex  on  the  relation  of  the  Nerve  to  the  Vein 

on  the  l^  side. 

Male.  Female. 

Prejugular  70*8  per  cent.  69*1  per  cent. 

Postjugular  29*2    „      „  30*9    „      „ 

Intrajugular  —  — 
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From  these  tables  it  would  appear  that  the  postjugolar  course  of  the 
nerve  is  somewhat  more  common  in  females  than  in  males. 

The  next  point  to  be  considered  is  the  relation  of  the  spinal 
acceasoiy  nerve  to  the  stemo-mastoid  muscle.  Under  this  heading 
we  shall  first  find  out  how  often  the  nerve  pierces  the  muscle.  The 
total  number  of  observations,  on  both  sides,  in  male  and  female 
sabjectSy  as  weU  as  those  in  which  the  side  and  sex  are  not  stated, 
is  415.  In  341  of  these  (82*2  per  cent.)  the  whole  or  part  of  the 
nerve  pierces  the  muscle,  in  72  (IZ'3  per  cent.)  the  nerve  passes  deep 
to  the  muscle,  and  in  2  cases  ('5  per  cent.)  (opposite  sides  of  the 
same  body)  it  ends  in  the  stemo-mastoid. 

Taulb  V. — Frequency  with  which  tfie  Eleventh  Nerve  pierces  live 
Stemo-magtoid  Musde  in  all  cases  {both  sides). 

Perforates  82*2  per  cent. 

Passes  deep  17'3   „      „ 

Ends  in  muscle  '5    „      „ 

With  regard  to  the  influence  of  side,  there  are  193  observations  on 
the  right  and  178  on  the  left.^ 

Of  the  193  on  the  right,  161  (83'5  per  cent.)  pierce  the  muscle,  and 
32  (16*5  per  cent.)  pass  deep  to  it.  Of  the  178  observations  on  the 
^ft side,  150  (84'3  per  cent)  pierce  the  muscle,  and  28  (157  per 
cent)  pass  deep. 

Table  VL — Frequency  with  whicfi  the  Spinal  Accessory  pierces 

the  Stemo-viastoid  on  the  tuDO  sides. 

Right.  Left. 

Perforates  83*5  per  cent.  84*3  per  cent. 

Passes  deep  16*5    „      „  15'7    „      „ 

This  table  shows  that  the  side  has  no  appreciable  influence  on  the 
comae  of  the  nerve. 

In  Older  to  test  whether  sex  affects  the  relation  of  the  nerve  to  the 
muscle,  there  are  records  of  192  observations  in  males  on  both  sides, 
and  129  of  females. 

Of  the  192  males  the  nerve  pierced  the  muscle  in  154  (80*2  per 
cent.),  while  in  the  129  females  the  muscle  was  pierced  116  times 
(89-9  per  cent.). 

Tabls  VII.  —Influence  of  Sex  on  the  relation  of  ike  Spincd  Accessory 
to  the  Stemo-mastoid  {both  sides  taken  together), 

Male.  Female. 

Perforates  80*2  per  cent.  89*9  per  cent. 

Passes  deep  19*8    „      „  10*1    „      „ 

^  Neglecting  the  one  case  in  which  the  nerve  ended  in  the  muscle. 
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This  difference  of  nearly  10  per  cent,  between  the  two  sexes  is 
certainly  noteworthy,  especially  as  the  averages  are  taken  from  a  fair 
number  of  observations. 

The  next  point  to  determine  is  how  often  the  whole  nerve  pierces 
the  stemo-mastoid,  and  how  often  only  a  part  of  it  does  so.  We 
have  already  stated  that  the  nerve  pierced  the  muscle  161  times 
out  of  193  observations  on  the  right  side,  and  150  times  out  of  178 
observations  on  the  left. 

Of  the  161  cases  in  which  the  nerve  pierced  the  stemo-mastoid  on 
the  right  side,  the  whole  nerve  pierced  in  160,  while  in  1  case  part 
of  the  nerve  pierced  the  muscle  and  the  rest  passed  deep  to  it. 

Of  the  150  cases  on  the  left  side,  the  whole  nerve  pierced  the 
muscle  147  times,  while  in  3  instances  only  part  pierced  it.  It 
will  thus  be  seen  that  in  somewhere  about  1  per  cent,  of  the  cases 
in  which  the  nerve  pierces  the  muscle,  it  is  not  the  whole  nerve  which 
does  so. 

As  it  has  occurred  to  us  that  the  nerves  which  have  a  postjugular 
course  would,  by  reason  of  their  greater  depth,  be  more  likely  to  pass 
deep  to  the  sterno-mastoid  instead  of  piercing  it,  we  have  picked  out 
all  the  nerves  passing  deep  to  the  muscle  which  have  also  their 
relation  to  the  vein  recorded.  Out  of  72  of  these,  41  (57  per  cent.) 
are  prejugular  and  31  (43  per  cent.)  postjugular.  In  the  same  way, 
out  of  341  nerves  piercing  the  sterno-mastoid,  255  (74'8  per  cent.) 
are  prejugular  and  86  (25*2  per  cent.)  postjugular. 

Tablb  VIII. — Frequency  with  which  Non-perforating  Nerves 

are  also  Postjugular. 

Prejugular.  Postjugular. 

Perforating  74*8  per  cent.  25*2  per  cent. 

Non-perforating      57       „      „  .  43      „      „ 

It  will  thus  bo  seen  that  nerves  which  pass  deep  to  the  sterno- 
mastoid  are  more  likely  to  be  postjugular  than  those  which  pierce  the 
muscle. 

It  has  already  been  stated  that  in  341  cases  out  of  415  the  spinal 
accessory  pierced  the  sterno-mastoid:  in  271  of  these  the  part  of  the 
muscle  pierced  is  recorded,  and  we  find  that  in  258  (95*2  per  cent.) 
the  nerve  pierced  the  clavicular  head.  In  8  cases  (3  per  cent.)  the 
sternal  head  was  the  part  pierced,  in  1  case  both  the  sternal  and 
clavicular  parts  of  the  muscle  were  pierced,  while  on  4  occasions 
(1*5  per  cent.)  the  nerve  passed  between  the  sternal  and  clavicular 
heads. 

Table  IX. — Frequency  with  which  tlve  different  parts  of  the 

Stemo-mastoid  are  pierced. 

Clavicular  head  95*2  per  cent. 
Sternal  head  3      „      „ 

Both  heads  1  case 

Passes  between  the  two  1*5  per  cent. 
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The  one  case  in  which  the  nerre  pierced  both  heads  was  described 
by  Mr  Prentice  of  Liverpoo],  whose  sketch  we  reproduce ;  it  will  be 
seen  that  the  nerve  paaeed  deep  to  the  aterno-mastoid  proper,  and 
snperficiat  to  the  sterno^occipital,  i.e.  it  pierced  the  sternal  heiid  of 


Fi&  7. — Spinal  Accenory  Nerve  piercing  both  heads  of  the  ntorao-mutoid. 
From  a  aketcb  by  Hr  PrsDtice,  Liverpool. 

the  st«mo-cleido-mastoid.    It  then  passed  deep  to  the  cleidooccipital 
utd  superficial  to  the  cleido-mastoid,  thus  piercing  the  clavicular  head 


SUHHART   OF  QuBSTIOH   IIL 

1.  The  spinal  accesaoty  nerve  passes  most  frequently  in  front  of 
the  internal  jngnlar  vein,  less  frequently  behind,  and  very  occasionally 
throo^it. 

2.  ^e  side  of  the  body  makes  no  difference  to  these  relationa 

3.  The  poatjugular  course  of  the  nerve  is  somewhat  more  common 
in  females  than  in  males. 

*.  In  82  per  cent,  of  all  cases  the  nerve  pierces  the  aterno-mastoid 
mmcle. 

5.  The  ade  of  the  body  makes  no  difference  to  this  percentage. 

6.  In  females  the  nerve  pierces  the  muscle  more  frequently  than 
ID  males. 

7.  Very  occasionally  (about  1  per  cent.)  the  nerve  divides,  and 
only  its  superficial  part  piercea  the  muscle. 

S.  When  the  nerve  passes  deep  to  the  stemo-mastoid,  it  is  more 
Hkel;  to  have  a  postjugular  course  than  if  it  pierced  the  muscle. 

9.  In  almost  every  case  it  ia  the  clavicular  hcnd  of  the  muscle 
which  is  pierced  by  the  nerve. 
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Question  IV. 

The  presence  of  sesamoid  bodies  in  either  head  of  the  gas- 
trocnemius, and  in  the  tendon  of  the  peroneus  longua  If 
possible,  the  nature  of  these  bodies  (fibrous,  fibro-cartilaginous, 
cartilaginous,  or  osseous)  should  be  stated. 

Returns  have  been  received  from  the  following : — 

Dr  A.  Low,  Aberdeen  University ;  Mr  E.  F.  Stapleton,  Dublin 
University ;  Dr  R.  Haygartb,  Edinburgh  University ;  Dr  R.  J.  John- 
stone, Queen's  College,  Belfast;  Dr  Madge  Maclean,  Queen  Mar- 
garet's College,  Glasgow;  Mr  W.  Billmgton,  Mason  College, 
Birmingham ;  Mr  Prentice,  University  College,  Liverpool ;  Dr  F.  J. 
Steward,  Guy's  Hospital;  Mr  H.  E.  Ridewood,  London  Hospital;  Mr 
H.  P.  Pankridge,  Middlesex  Hospital;  Dr  Tims  and  Mr  Dawson, 
Westminster  Hospital. 

The  evidence  on  this  question  may  be  divided  into  two  parts : 
firstly,  that  of  the  gastrocnemius ;  and  secondly,  that  of  the  peioneus 
longus. 

In  the  case  of  the  gastrocnemius  there  is  a  total  of  195  observa- 
tions. In  161  the  side  and  sex  are  stated,  in  27  the  sex  is  not 
recorded,  while  in  7  no  mention  is  made  of  the  side. 

Taking  the  side  into  consideration  in  the  first  place,  we  find  that 
there  is  a  total  of  146  complete  observations  of  male  and  female 
subjects  on  the  right,  and  of  141  on  the  left. 

Of  the  146  observations  on  the  right  side,  6  (4*1  per  cent.)  show 
the  presence  of  sesamoid  bodies  in  both  heads  of  the  gastrocnemius,  37 
(25'3  per  cent.)  in  the  outer  head  only,  and  12  (8*2  per  cent.)  in  the 
inner  head  only. 

Of  the  141  observations  on  the  left  side,  10  (7  per  cent.)  show 
sesamoid  bodies  in  both  heads,  28  (19*8  per  cent.)  in  the  outer  head 
only,  and  11  (7*8  per  cent.)  in  the  inner  head  only. 

With  regard  to  the  influence  of  sex,  there  are  80  observations  of 
males  on  the  right  side  and  77  on  the  left. 

On  the  right  side  in  the  males  a  sesamoid  body  was  present  in  both 
heads  of  the  gastrocnemius  in  5  cases  out  of  the  80  (6*3  per  cent.). 

It  was  present  in  the  outer  head  only  in  22  (27*5  per  cent),  while 
in  the  inner  head  only  it  was  present  in  8  cases,  or  10  per  cent. 

On  the  left  side  in  the  males  a  sesamoid  body  was  present  in  both 
heads  in  6  cases  out  of  the  77  (7*8  per  cent.).  It  was  present  in  the 
outer  head  only  in  16  (20*8  per  cent.),  while  in  the  inner  head  only  it 
was  present  in  8  cases,  or  10*4  per  cent. 

There  are  44  observations  of  females  on  the  right  side,  and  40  on 
the  left. 

Of  the  44  on  the  right,  a  sesamoid  body  was  not  found  in  both 
heads  in  any  case.  It  was  present  in  the  outer  head  alone  in  11 
cases  (25  per  cent.),  and  in  the  inner  head  alone  in  2  cases  (4*5  per 
cent.). 
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Of  the  40  obeervations  on  the  left  side  a  sesamoid  body  was  pre- 
sent in  each  head  in  2  cases  (5  per  cent.),  in  the  outer  head  alone  in 
8  (20  per  cent.),  and  in  the  inner  head  alone  in  2  (5  per  cent.). 

These  figores  will  perhaps  convey  more  if  they  are  arranged  in  a 
tabular  form. 

Tablb  I. — Frequency  of  Sesamoids  in  the  Gasfroenemius^  total 

observations  ( <f  and  9  )• 

Right.  Left 

Both  heads  4*1  per  cent.  7    per  cent. 

Outer  head  only      25*3    „      „  19-8 

Inner  head  only        8*2    „      „  7*8 


a        93 


By  adding  the  percentage  of  both  heads  to  that  of  the  outer  or 
inner  head  only  the  total  percentage  for  either  head  may  be  found. 

Tabls  II. — Total  frequency  of  Sesamoids  in  the  two  heads  of 

the  Gastrocnemius, 

Eight.  Left. 

Outer  head  29*4  per  cent.         26*8  per  cent. 

Inner  head  12*3    „     „  14*8    „     „ 

These  tables  point  to  the  fact  that  sesamoid  bodies  are  most  com* 
men  in  the  outer  head  only,  then  in  the  inner  head  only,  and  least 
common  in  both  heads. 

Table  III. — Frequency  oj  Sesamoids  in  the  Gastrocnemius 

of  Males. 

Right.  Left. 

Both  heads  6*3  per  cent.         7*8  per  cent. 

Outer  head  only       27*5    „      „  20*8   „ 

Inner  head  only       10      „      „  10*4    „ 


Table  IV. — Frequency  of  Sesamoids  in  tlw  Gastrocnemius^ 

of  Females. 

Right.  Left. 

Both  heads  —  5  per  cent. 

Outer  head  only       25     per  cent.  20   „      „ 
Inner  head  only         4*5    „      „  5    „      „ 

These  tables,  to  our  minds,  show  that  sex  has  little  influence  on  the 
frequency  of  sesamoid  bodies,  though  they  may  possibly  be  less  fre- 
quent in  the  inner  head  and  in  both  heads  together  in  females  than 
in  males,  and  thus  may  be  said  to  be  less  frequent  altogether  in 
temales  than  in  males. 
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With  regard  to  the  constitution  of  the  hodies^  we  have  evidence  tliat 
in  many  of  the  investigations  no  microscopical  examination  was  made : 
we  shall  therefore  content  ourselves  with  dividing  the  cases  in  which 
sesamoid  bodies  occur  into  two  classes, — firstly,  those  in  which  the 
bodies  were  osseous ;  secondly,  those  in  which  they  were  of  some  other 
material  (fibrous,  fibro-cartilaginous,  or  cartilaginous). 

Taking  males  and  females  together,  sesamoids  were  found,  on  the 
right  side,  43  times  in  146  observations  of  the  outer  head,  and  18 
times  in  the  inner  head.  On  the  left  side,  out  of  141  observations, 
they  were  found  38  times  in  the  outer  and  21  times  in  the  inner  head. 

Of  the  43  sesamoid  bodies  in  the  outer  head  of  the  right  gastrocne- 
mius, 16  (37*2  per  cent.)  were  osseous  and  27  (62*8  per  cent.)  non- 
osseous. 

Of  the  18  sesamoids  in  the  inner  head  of  the  right  gastrocnemius,  1 
(5*5  per  cent.)  was  osseous  and  17  (94*5  per  cent.)  non-osseous. 

Of  the  38  sesamoids  in  the  outer  head  of  the  left  gastrocnemius,  12 
(31*5  per  cent.)  were  osseous,  and  26  (68*5  per  cent.)  non-osseous. 

Of  the  21  sesamoids  in  the  inner  head  of  the  left  gastrocnemius,  2 
(9'5  per  cent.)  were  osseous  and  19  (90*5  per  cent.)  non-osseous. 

Tablb  V. — Structure  of  the  Sesamoid  bodies  in  the  right 

Gastrocnemius, 

Outer  Head.  Inner  Head. 

Osseous  37*2  per  cent.  5*5  per  cent. 

Non-osseous  62*8    „      „  94*5 


>>      >> 


Table  VI. — Structwe  of  the  Sesamoid  Bodies  in  tJie  left 

Gastrocnemius, 

Outer  head.  Inner  head. 

Osseous  31*5  per  cent.  9*5  per  cent. 

Non-osseous  68*5    „      „  90'5    „      „ 

These  tables  show  that  sesamoids  in  the  gastrocnemius  are  more 
often  fibrous  than  osseous,  that  they  are  more  often  ossified  in  the 
outer  head  than  in  the  inner,  and  that  the  side  has  little,  if  any, 
influence  on  their  structure. 

To  ascertain  whether  sex  has  any  influence  on  the  ossification  of 
these  bodies,  we  have  taken  'the  total  number  in  both  heads  and  on 
both  sides.     This  gives  us  79  bodies  in  male  subjects  and  28  in  female. 

Of  the  79  sesamoids  found  in  male  bodies,  22  (28*  1  per  cent.)  were 
osseous  and  57  (71*9  per  cent.)  non-osseous. 

Of  the  28  sesamoids  found  in  female  bodies,  10  (35*7  per  cent.) 
were  osseous  and  18  (64'3  per  cent.)  non-osseous. 

Table  VII. — Structure  of  Sesamoids  in  the  two  Sejcett, 

Male.  Female. 

Osseous  28*1  per  cent.  35*7  per  cent. 

Non-osseous         71*9    „      „  .64*3   „      „ 
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As  far,  iheief ore,  as  our  small  number  of  obeerralioiis  goes,  it  vooM 
appear  that  sesamoid  bodies  in  the  gMtroenemins  are  more  freqiiait!T 
ossified  in  women  than  in  men.  Upon  the  influence  of  age  ve  baTe 
no  statistics,  though  this  perhi^  is  tiie  less  to  be  regretted,  snoe  mqi^ 
of  the  bodies  were  probably  those  of  old  people. 

COMPABATIVB  AnATOMT   NoTK. 

The  sesamoid  bodies  in  the  heads  of  the  gastrocnemios  are  (rf  eomse 
homolc^us  with  the  fabellae  of  the  lower  mammals:  these  b(m«> 
articulate  with  the  upper  and  back  part  of  the  condyles  of  the  femur, 
and  are  deyeloped  in  the  posterior  part  of  the  capsule  of  the  knee- 
joint.  Throughout  the  mammalian  series  the  external  fabella  i*: 
usually  the  better  developed,  and  often  it  is  the  only  one  present :  in 
some  kangaroos  it  is  so  large  that  it  articulates  with  the  fibula  during 
flexion  of  the  knee. 

Among  the  primates^  f abellse  are  found  in  both  heads  of  the  gastro- 
cnemius in  lemurs  and  cynomorphous  monkeys.  In  the  chimpanxee 
a  cartilaginous  fabella  occurs  in  the  inner  head  only.  In  the  gibbon 
it  may  be  present  or  absent,  in  either  or  both  heads,  as  in  man.  In 
the  orang  and  the  gorilla  no  sesamoids  have  been  observed. 

Fbbonbus  Lonous. 

The  second  part  of  the  question  deals  with  the  sesamoid  body  in 
the  tendon  of  the  peroneus  longus,  where  it  turns  round  the  lower  and 
outer  edge  of  the  cuboid. 

Altogether  we  have  124  observations  on  the  right  side  and  121  on 
ibsleft. 

Of  the  124  tendons  on  the  right,  92  (74*2  per  cent)  contained  a 
sesamoid;  and  of  the  121  on  the  left,  sesamoid  bodies  were  found  in 
91  (75-2  per  cent.). 

We  are  of  opinion  that  too  much  reliance  should  not  be  placed  on 
these  figures,  since  the  presence  or  absence  of  a  fibrous  sesamoid  in 
a  fibrous  tendon  is  often  a  question  of  individual  opinion.  Some 
observeis  have  sent  us  returns  with  long  sequences  of  cases  in  which 
no  sesamoid  was  noticed,  while  others  have  found  a  sesamoid  of  some 
kind  in  every  case  examined.  Although  the  recognition  of  the 
presence  or  absence  of  a  sesamoid  may  be,  and  probably  is,  a  question 
of  individual  taste,  there  can  be  no  room  for  doubt  as  to  the  number 
of  cases  in  which  a  bony  deposit  was  found  in  the  tendon ;  and  we 
find  that,  out  of  the  124  tendons  on  the  right  side,  the  sesamoid  was 
ossified  in  25  (20*2  per  cent.),  while  of  the  121  on  the  left  there 
was  a  bony  deposit  in  24  (19'8  per  cent.). 

Tablb  VIII. — Frequency  of  Sesamoids  in  the  Tendon  of  the 

Peroneus  Longus, 

Right.  Left. 

Sesamoids  of  any  kind        74"2  per  cent.         75"2  per  cent 
Osseous  20-2    „      „  19-8    „      „  ' 


Non-osseous  54      „      „  55*4 


>>      >> 
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This  table  shows  that,  in  the  bodies  examined,  bony  sesamoids 
were  practically  as  common  on  the  left  as  on  the  right. 

It  must  be  borne  in  mind,  in  reading  these  returns,  that  the  greater 
number  of  subjects  examined  were  advanced  in  years. 

Our  statistics  show  that  the  sesamoids  are  not  always,  nor  even 
frequently,  of  the  same  structure  on  the  two  sides  of  the  same  body. 
With  regard  to  the  influence  of  sex  on  the  structure  of  the  sesamoid 
bodies,  we  have  records  of  77  observations  on  the  right  side  in  male 
subjects  and  of  76  on  the  left. 

Of  the  77  tendons  on  the  right,  18  (23*3  per  cent.)  contained  bony 
sesamoids,  while  of  the  76  on  the  left,  17  (22*3  per  cent.)  contained 
them. 

In  female  subjects  we  have  47  observations  on  the  right  side  and 
44  on  the  left. 

Of  the  47  on  the  right,  a  bony  sesamoid  was  present  in  8  (17  per 
cent.),  while  among  the  44  on  the  left  it  was  found  in  7  (16  per  cent.). 

Tablb  IX. — Frequency  of  bony  Sesamoids  in  the  Peraneus 

Longus  of  the  two  Sexes, 


Bight. 

Left. 

Male 

23*3  per  cent. 

22-3  per  cent. 

Female 

17      „      „ 

16       „      ., 

From  this  it  seems  that  in  males  ossification  is  more  frequent  than 
in  females. 

Summary  op  Qubstion  IV. 

A.  1.  Sesamoid  bodies  are  most  frequently  met  with  in  the  outer 
head  of  the  gastrocnemius,  then  in  the  inner  head,  and  least  frequently 
in  both  heads. 

2.  They  are  rather  more  common  on  the  right  side  than  on  the 
left. 

3.  Sex  has  little  influence  on  their  frequency. 

4.  The  structure  of  these  bodies  is  more  often  non-osseous  than 
osseous ;  they  are  more  likely  to  be  ossified  in  the  outer  head  than  in 
the  inner,  but  the  side  of  the  body  has  little  influence  on  their 
structure. 

5.  The  bodies  are  possibly  more  frequently  ossified  in  women  than 
in  men. 

£.  1.  It  is  difficult  in  all  cases  to  judge  satisfactorily  whether  a 
fibrous  sesamoid  is  or  is  not  present  in  the  tendon  of  the  peronens 
longus. 

2.  Bony  sesamoids  occur  in  some  20  per  cent,  of  all  cases,  and  they 
are  as  common  on  the  left  side  as  on  the  right. 

3.  They  are  rather  more  common  in  males  than  in  females. 


goumal  o!  ^natomp  anti  SJpsioIosi). 


A  THEORY  OF  MUSCULAE  CONTRACTION. 
By  W.  M^DouGALL,  M.A,  M.B.,  B.Sc.,  Fellow  o/S5f  Jb^?i's 

College,  Cambridge. 

In  an  article  dealing  with  the  structure  of  cross-striated  muscle 
published  in  the  April  and  July  numbers  of  this  Journal, 
I  have  briefly  formulated  a  hypothesis  as  to  the  nature  of  the 
processes  that  immediately  determine  muscular  contraction,  and 
have  stated  that  it  is  easy  to  offer  plausible  explanations,  in 
terms  of  the  hypothesis,  of  many  of  the  properties  and  phenom- 
ena exhibited  by  cross-striated  muscle.  I  wish  to  describe  in 
this  article  certain  observations  that  seem  to  give  support  to 
this  hypothesis,  and  to  show  briefly  how  the  hypothesis  lends 
itself  to  these  explanations. 

I  will  first  make  some  critical  remarks  on  two  hypotheses  that 
claim  to  afford  physical  explanations  of  the  process  of  muscular 
contraction;  for  these  two  hypotheses,  suggested  by  Engel- 
manu  and  Verwom  respectively,  are  the  most  prominent  of  the 
many  that  are  cuiTent  at  the  present  time. 

JEngdmann's  Hypothesis. 

Eugelmann  has  recently  made  a  suggestion  as  to  the  nature  of 
muscular  contraction,^  and  has  offered  to  the  Royal  Society,  in 
the  Croonian  Lecture  of  the  year  1895,  a  *  proof '  of  the  truth  of 
the  hypothesis  (see  Nature,  28th  March  1895).  The  essence 
of  the  suggestion  is,  that  contraction  is  caused  by  a  heating  of 
some  small  part  of  the  fibrils  of  which  he  supposes  the  contrac- 
tile substance  of  muscle  to  be  made  up.    The  *  proof  *  consists 

^  Ueber  den  Urspruog  der  Maakelkraft,  1893. 
TOL  XXXIL  (n.S.  VOI*  XU.)  N 
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in  the  pointing  out  of  certain  striking  resemblances  between  the 
properties  of  muscle  and  those  of  stretched  violin-strings  and 
other  lifeless  bodies  of  a  similar  nature. 

Fick^  has  criticised  the  hypothesis,  pointing  out  that  the 
absolute  force  of  the  muscle  is  so  much  greater  than  that  of  any 
such  system  as  Engelmann's  muscle  model,  that  the  bounds  of 
legitimate  analogy  are  overstepped.  Engelmann  professes  to 
have  refuted  this  objection  by  pointing  out  the  following  fact«, 
and  making  certain  deductions  from  them  :  {a)  that  a  violin- 
string  '7  mm.  in  diameter  will  perceptibly  raise  a  load  of  1  kilo, 
when  its  temperature  is  rapidly  raised  to  130**  C. ;  (b)  that  the 
maximum  load  that  a  tetanised  strip  of  human  muscle  1  sq.  cm. 
in  transverse  section  can  raise  is  10  kilo ;  {c)  that  in  tetanus  a 
muscle  may  rise  1'  in  temperature.  From  these  figures  he  con- 
cludes that  the  string  exerts  twenty  times  as  much  force  as  the 
muscle  of  the  same  cross-section.  But  this  conclusion  cannot 
fairly  be  drawn  from  the  figurea  For  let  us  assume  that  the 
string  was  raised  only  100°  C.  in  temperature.  The  area  of  its 
cross-section  is  nearly  '5  sq.  mm.  Then  the  string  "5  sq.  mm.  in 
cross-section  raised  100°  C.  in  temperature  lifts  1  kilo.  Engel- 
mann supposes  that  parts  of  the  muscle  are  directly  heated  while 
others  are  not,  and  the  rise  of  the  temperature  which  would  give 
an  efficiency  of  30  per  cent,  (which  is  that  of  muscle)  ^  is  100°  C. 
Then  let  us  suppose  the  temperature  distributed  in  this  most 
favourable  manner,  and  we  have  for  the  muscle  the  figures  y^^ 
sq.  cm.  raised  100°  C.  in  temperature  lifts  10  kilos,  i.e.,  the 
muscle  exerts  five  times  as  much  force  as  the  string  for  equal 
cross-sections.  There  are  two  considerations  which  show  that 
the  data  of  this  calculation,  as  given  by  Engelmann,  are  far  too 
favourable  for  the  string.  In  the  first  place,  he  has  neglected 
the  question  of  absolute  force  ;  and  probably  the  muscle  raises 
the  weight  to  a  height  which  is  a  much  greater  proportion  of  its 
own  length  than  does  the  string.  Secondly,  the  tetanus  during 
which  a  muscle  rises  1°  C.  in  temperature  is  one  continued  for 
some  minutes  {cf.  I.,  s.  158).  Becquerel  observed  a  rise  of 
temperature  of  1°  C.  after  five  minutes'  tetanisation,  and  (s.  159) 
Helmholtz  observed  a  rise  of  temperature  of  -18°  C.  on  tetanis- 

1  Pflilger,  Arch.,  Bd.  liii. 

'  1.,  B.  166.     [I.  refers  here  and  hereafter' to  Hermann's  Harvdhuch  d.  Phys., 
ed.  1.     II.  releis  to  Biedermann's  Electro-Physiologie,  Eng.  trans.] 
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uig  frog's  muscle  for  two  or  three  minutes.  The  rise  in 
temperature  of  the  muscle  during  the  actual  raising  of  the 
weight  is,  therefore,  certainly  much  less  than  1**  C,  probably 
only  a  very  small  fraction  of  a  degree.  Allowing,  then,  for  these 
considerations  of  the  forces  exerted  by  equal  masses  of  equal 
cross-section  of  muscle  and  violin-string,  raised  equally  in  tem- 
perature, that  of  muscle  must  be  at  least  100  times  greater  than 
that  of  the  string. 

A  similar  conclusion  may  be  more  legitimately  reached   in 
tins  way :  1  sq.  cm.  of  frog's  muscle  can  raise  in  a  simple  con- 
traction 400  grs.  (I.,s.  64),  and  the  maximum  rise  of  temperature 
for  a  simple  contraction  is  'OOl'  C.-005'  C.  (I.,  s.  159);   then 
taking  the  lower  estimate,  1  sq.  cm.  of  the  muscle  with  rise  of 
temperature  -OOl"  C.  lifts  400  grs.,  i.e.,  yo*^^  sq.   mm.  rising 
100'  C.  in  temperature  lifts  400  grs.,  and  in  the  case  of   the 
Btriiig  I  sq.  mm.  rising  100**  C.  in  temperature  lifts  1  kilo,  i.e., 
the  muscle  exerts  the  same  pull  with  a  cross-section  about  ^^^ 
of  that  of  the  string,  or,  taking  the  higher  estimate  of  the  rise 
of  temperature,  about  :^  of  that  of  the  string.     Here,  again,  the 
height  to  which  the  weight  is  lifted  has  been  neglected ;  and  if  it 
were  taken  into  account,  the  absolute  force  of  the  muscle  would 
probably  be  found  to  be  very  much  greater  still  in  proportion  to 
that  of  the  string. 

One  of  the  most  striking  resemblances  between  living  con- 
tractile structures  and  the  lifeless  substances  with  which  the 
comparison  is  made,  is  the  possession  of  doubly  refracting  parts 
by  both  classes;  and  Engelmanu  insists  that  one  of  the  optic  axes 
is  always  parallel  to  the  direction  of  contraction.  But  he  has 
pointed  out,  as  particularly  significant,  the  fact  that  in  certain 
muscle  fibres  the  contractile  fibrils  run  in  steep  spirals  round  the 
fibres,  their  obliquity  to  the  axis  of  the  fibre  increasing  during 
ccHitraction,  while  the  optic  axes  of  the  fibrils  remain  parallel  to 
the  axis  of  the  fibre  in  all  degrees  of  contraction.  He  adds, 
"  hence  it  is  not  the  morphological  axis  of  the  fibrils,  but  the 
optical  axis  of  their  doubly  refractive  constituents  which  coin- 
cide with  the  direction  of  the  contracting  force."  But  the  direc- 
tion of  the  contracting  force  with  which  the  optical  axis  of  the 
fibrils  coincides,  is  the  resultant  of  the  forces  acting  along  the 
morphological  axis  of  all  the  fibrils ;  for  it  cannot  be  contended 
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that  the  fibrils  exert  their  pull  in  any  other  direction  than  along 
their  morphological  axes.  These  fibrils,  then,  form  a  notable  ex- 
ception to  the  law  which  Engelmann  is  attempting  to  establish, 
and  prove  that  this  point  of  resemblance  between  the  two  classes 
of  objects  is.  merely  a  coincidence.  In  just  the  same  way  all  the 
other  points  of  resemblance  remain  merely  striking  coincidences, 
and  do  not  in  any  way  amount  to  proof. 

Engelmann,  while  admitting  the  essential  similarity  between 
*  rigor '  and  contraction,  finds  it  impossible  to  explain  the  former 
as  a  thermo-dyuamic  effect,  and  falls  back  on  his  old  imbibition 
hypothesis. 

If  there  be  any  truth  in  the  view  of  so  many  observers  that 
the  wing-fibril  of  insects  is  a  membranous  tubule  (a  view  which 
I  have  endeavoured  to  extend  to  other  muscles),  it  is  difficult  to 
understand  to  which  parts  of  them  Engelmann  would  attribute 
the  rise  of  temperature  of  many  degi^ees,  which  he  is  bound  to 
assimie.  For  since  each  sarcomere  is  contractile  and  takes  part 
in  a  general  contraction,  he  muse  suppose  that  some  minute 
fraction  of  the  substance  of  each  sarcomere  is  the  part  which 
suffers  the  increase  of  temperature. 

VerworrOs  Hypothesis, 

Verworn,  in  his  work  entitled  Die  Bewegung  der  lebendigen 
Substanz  (1892),  claims  to  give  a  physical  explanation  of  the 
contraction  of  muscle  by  suggesting,  by  a  chain  of  argument 
which  it  is  needless  to  examine,  an  analogy  between  it  and  the 
retraction  of  the  pseudopodium  of  an  amoeba.  He  regards  both 
the  protrusion  and  the  retraction  of  the  pseudopodium  as  cases 
of  positive  *  chemiotaxis '  or  *  chemiotropism.'  Of  the  protrusion 
he  offers  a  physical  explanation  which  may  be  summed  up  as 
follows : — The  substance  of  the  resting  cell  has  an  affinity  for 
oxygen.  In  a  medium  devoid  of  oxygen,  its  surface  becomes 
spherical  through  surface-tension.  In  a  liquid  medium  contain- 
ing oxygen,  molecules  of  the  latter  will  chemically  attract 
molecules  of  the  cell  substance  lying  at  the  surface  of  the  cell, 
and  the  attraction  will  be  greater  ab  some  points  than  at  others. 
At  the  former  points  the  molecules  of  the  surface  will  move  to 
meet  the  molecules  of  oxygen  in  the  medium.     At  each  of  these 
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points,  therefore, the  surface  expands;  the  molecules  from  within 
having  unsatisfied  affinities  for  oxygen,  must  take  up  a  position 
at  this  part  of  the  surface,  and  be  in  turn  attracted  towards  the 
oxjgen  of  the  medium,  and  so  the  protrusion  increases  and  a 
pseudopodium  is  formed.     Betraction  he  would  explain  as  the 
result  of  an  alteration  of  the  chemical  nature  of  the  molecules  at 
the  surface  of  a  pseudopodium,  the  alteration  being  the  result  of 
stimulation,  and  of  such  a  nature  that  the  new  substance  is 
attracted  by  substances — the  'Kernstoife' — formed  by  the  nucleus 
and  distributed  through  the  cell  body  with  diminishing  density 
from  the  nucleus  outwards.    He  implies  that  there  is  thus  pro- 
duced by  stimulation,  conditions  the  exact  reverse  of  those  which 
determined  the  protrusion  of  the  pseudopodium,  but  does  not 
attempt  to  work  out  the  molecular  process  in  detail  as  before. 
If  we  accept  as  plausible  his  explanation  of  protrusion,  and 
attempt  to  work  out  the  corresponding  molecular  process  to 
which  he  attributes  the  retraction,  using  his  own  methods  r>f 
treating  of  the  molecules  and  their  chemical  affinities,  we  find 
that  it  cannot  be  done.     Thus  on  stimulation,  molecules  at  the 
surface  acquire  an  affinity  for  molecules  of  *  Kernstoffe '  lying 
immediately  below  the  surface,  and  pass  towards  them  in  virtue 
of  chemical  attraction.     We  may  even  suppose  that  being  still 
nnsatisfied  by  the  layer  of   *Kernstofife'  immediately  next  to 
the  surface,  they  proceed  stiU  farther  inwards  in   search   of 
more  *  Kernstoffe.*    But  before  they  have  proceeded  more  than 
an  infinitesimal  distance,  they  must  form  a  barrier  of  inert  sub- 
stance between   the   surface   molecules  and  any  '  Kernstoffe ' 
within  the  cell,  and  so  the  process  must  come  to  an  end.     How- 
ever the  argument  be  varied,  it  does  not  seem  possible  to  ex- 
plain retraction  on  these  lines ;  and  Verworn's  explanation  of 
muscular  contraction  simply  consists  of  a  very  much  forced 
analogy  drawn  between  it  and  the   retraction   of   the  pseudo- 
podium, 

Verwom's  hypothesis  as  to  the  causes  of  retraction  of  a 
pseudopodium  may  perhaps  be  radically  modified  by  supposing 
that  retraction  is  due  simply  to  the  cessation  of  those  processes 
which  cause  protraction,  surface-tension  alone  bringing  about  the 
retraction.  But  when  so  modified,  the  hypothesis  no  longer 
finds  support  in  the  observations  on  the  retraction  of  pseudo- 
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pudia  following  stimulation,  and  on  the  relations  of  the  nucleus 
to  the  cell  body,  which  are  the  mainstay  of  the  hypothesis  iu 
its  original  form. 

In  the  article  referred  to  above,  I  pointed  out  that  any 
increase  in  the  volume  of  the  fluid  contents  of  a  sarcomere 
must  tend  to  cause  its  side  walls  to  bulge  outwards  and  its 
ends  to  be  drawn  together,  and  the  whole  sarcomere  to  go 
through  ju^t  such  a  series  of  changes  in  shape  as  I  have  described 
as  occurring  during  contraction.  I  accordingly  formulated  my 
hypothesis  of  the  processes  involved  in  contraction  as  follows  : 
— Contraction  is  the  result  of  an  increase  in  the  volume  of  the 
fluid  contents  of  the  sarcomere,  and  relaxation  is  accompanied 
by  a  diminution  in  their  volume.  I  also  showed  that  in  the 
dead  sarcomere  an  increase  in  the  volume  of  its  contents  is  an 
efficient  cause  of  shortening.  I  wish  now  to  record  certain 
observations  that  make  it  seem  highly  probable  that  in  the 
living  sarcomere  such  an  increase  in  the  volume  of  its  contents 
is  not  only  an  efficient  cause  of  shortening,  but  also  the  actual 
cause  of  normal  contraction. 

The  observations  to  which  I  refer  were  made  on  isolated 
sarcostyles  of  the  wing  muscles  of  the  Kouse-Hy,  on  fibres  from 
the  leg  muscles  of  the  water-beetle,  and  on  fibres  from  the  claw 
muscles  of  the  crayfish,  subjected  to  the  action  of  saline  solu- 
tions of  various  degrees  of  concentration,  of  distilled  water,  and 
of  weak  lactic  acid.  They  were  begun  in  the  hope  of  producing 
a  contraction  of  the  isolated  sarcostyles  by  the  action  of  distilled 
water ;  for  I  believe  that  the  rigor  that  is  produced  in  frog's 
muscle  by  the  action  on  it  of  distilled  water  is  a  purely  physicjil 
phenomenon,  due  to  increase  in  volume  of  the  fluid  contents  of 
the  sarcomeres  by  endosmosis  from  the  sarcoplasm. 

If  sarcostyles  be  teased  out  in  distilled  water  from  the  winsr 
muscles  of  the  house-fly,  they  are  generally  found  to  be  fully 
extended,  and  they  show  no  marked  swelling,  though  appearing 
a  little  turgid  when  compared  with  others  teased  out  in  normal 
saline  solution.  This  failure  of  distilled  water  to  produce  either 
contraction  or  marked  swelling  does  not  mean  that  distilled 
water  does  not  tend  to  cause  distension  of  the  sarcomere  by 
osmosis.  For,  as  I  have  said,  the  sarcomeres  appear  turgid 
(b,  fig.  1)  as  compared  with  others  in  normal  saline  solution 
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(o,  fig.  1) ;  and  if  they  are  soaked  for  some  minutes  in  2  per 
cent.  NaCl  solution,  and  this  solution  is  then  replaced  by  dis- 

tiUed  water,  they  swell   rapidly  

to  more  than   twice  their  nor-       a         \\\\  V  li  I  /  I  1  i 
mal  diameter,  while  remaining 
of  the  same  length.     The  fail- 

ure  is  rather  due  to  the   fact  ^        A  \   \   }    V  I  Ji 

that    the    fluid  or  viscid  con-  ^iq,  i. 

tents  of    the   sarcomeres   very 

rapidly  sets  or  coagulates  when  the  fibrils  are  exposed  to 
any  abnormal  influences.  Swelling  of  the  contents  of  the 
sarcomere  cannot,  then,  take  place  unless  its  side  walls  or  its 
end  discs  a  become  stretched,  and  for  this  the  osmotic  pressure 
proijiiced  by  the  action  of  water  on  normal  sarcostyles  seems 
insufficient.  But  if  the  osmotic 
pressure  is  made  greater  by  soak- 
ing the  fibrils  iu  2  per  cent  NaCl 
solution    before    putting   them    into  Fig.  2. 

water,  the  o  discs  yield  to  the  dis- 
tending force  and  swelling  takes  place,  the  whole  fibril  increas- 
ing uniformly  in  diameter  (fig.  2). 

Weak  solutions  of  acids  cause  swelliug  of  isolated  fibrils,  and 
a  2  per  cent,  solution  of  acetic  acid  will  occasionally  cause  a 
very  rapid  shortening,  followed  by  great  swelling  and  dissolu- 
tion. But  it  is  very  rare  to  see  any  marked  contraction  preced- 
ing or  accompanying  the  swelling.  Nevertheless,  a  study  of  the 
effects  of  very  weak  solutions  of  lactic  acid  is  instructive. 
Fibrils  are  teased  out  in  '7  per  cent.  NaCl  solution,  which  is  then 
replaced  by  saline  solutions  containing  '7  per  cent.  NaCl  and 
various  amounts  of  lactic  acid.  The  weakest  solution  of  lactic 
acid  that  I  have  observed  to  cause  swelling  of  quite  freshly 
separated  fibrils  is  one  containing  one  part  of  the  strong  com- 
mercial lactic  acid  in  ten  thousand  of  water.  With  acid  of  this 
strength  the  sarcomeres  usually  assume 
a  barrel  shape  (see  fig.  3),  with  slight 
shortening,  and   no    yielding   of    the    a  yig.  3. 

discs.      If    they  are   not   quite   freshly 
separated,  but  have   been   lying  in  saline   solution  for   some 
minutes,  acid    of    this    strength    produces    no    swelling,    but 
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rather  stronger  acid  (4  parts  in  10,000)  will  cause  a  rapid 
swelling,  with  yielding  of  the  a  discs.  The  degree  to  which  the 
discs  exert  any  constricting  action  in  such  swollen  fibrils  is  very 
variable.     In  some  cases  no  constrictions  are  visible,  and  the 

whole   fibril  forms  an  even   cylinder  4 
or  5   m.  in  diameter  (a,  fig.   1).     But 
usually  both  the  a  and  /3  discs  cause 
Pjq  4  well-marked    constrictions,    and    the    y 

discs  are  usually  visible,  and  sometimes 
cause  slight  constrictions  (fig.  4).  By  washing  fibrils  in  this 
condition  with  saline  solution  they  may  be  made  to  shrink 
rapidly  to  their  normal  proportions.  But  after  undergoing  this 
swelling  and  subsequent  shrinkage  they  no  longer  appear  quite 
normal :  the  a  discs  are  a  little  irregular  and  ragged  in  appear- 
ance, and  the  whole  fibril  distinctly  presents  the  appearance  of 
having  been  overstrained.  If  fibrils  be  teased  out  in  distilled 
water  and  then  swollen  by  the  action  of  "03  per  cent,  lactic  acid, 
they  may  be  made  to  shrink  again  by  washing  them  with  water, 
just  as  by  washing  with  saline  solution  in  the  preceding  experi- 
ment. 

By  using  slightly  stronger  acid  the  normally  inext^nsible  side 
walls  of  the  sarcomeres  may  be  stretched  in  the  same  way  as 
the  a  discs.  Each  sarcomere  then  appears  of  its  normal  shape, 
but  all  its  measurements  are  approximately  doubled.  Still 
stronger  solutions  of  acid  cause  very  rapid  swelling  and  dissolu- 
tion. 

The  exact  nature  of  the  chemical  or  physical  process  involved 
in  this  swelling  of  the  sarcomere  under  the  action  of  dilute  acids 
is  not  clear.  The  process  is  perhaps  analogous  to  the  swelling 
of  fibrine  filaments  when  immersed  in  weak  acid.  Bat  it  is 
clear  that  the  presence  of  extremely  dilute  lactic  acid  may 
cause  a  very  rapid  passage  of  a  large  quantity  of  water  into  the 
sarcomeres.  And  it  is  also  clear  from  these  observations  that 
distilled  water  tends  to  pass  into  the  sarcomeres  by  osmosis. 
I  have  said  that  it  is  unusual  to  see  more  than  a  very  slight 
degree  of  shortening  produced  in  isolated  wing  fibrils  by  these 
agents  that  tend  to  cause  distension  of  the  sarcomeres,  and  I 
believe  that  this  is  due  to  the  fixation  or  coagulation  of  the 
contents  of  the  sarcomeres  by  their  immersion  in  these  abnormal 
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fluida     This  statement  is  justified  by  a  study  of  the  l^hayiour 

of  fibrils  teased  out  in  white  of  egg,  and  in  while  of  egg  mixed 

with  equal  quantities  of  saline  solutions  of  yarioas  degrees  of 

concentration.     If  fibres  from  the  wii^  muscles  of  the  hoose-fiy 

be  teased  in  either  white  of  ^g  or  a  mixture  of  equal  parts  of 

white  of  egg  and  7  per  cent  Nad  solution  and  examined  at 

once,  numerous  fibrils  are  seen  contzacting  rapidly:  and  after 

about  thirty  seconds  all  the  fibrils,  many  of  which  were  at  fii^t 

almost  completely  extended,  appear  fully  contracted.     White  of 

egg  is  said  by  Hammarsten  to  contain  about  '7  per  cenL  of 

mineral  salts.     If,  therefore,  it  is  mixed  with  an  equal  quantity 

of  5  per  cent.  NaCl  solution,  the  mixture  will  contain  about  2*8 

per  cent  of  mineral  salts.    Fibrils  teased  out  in  such  a  mixture 

usually  remain  fully  extended. 

"White  of  egg  with  an  equal  quantity  of  2  per  cent  XaCl 
solution  is  a  mixture  containing  about  1*3  per  cent  of  salta 
When  fibrils  are  teased  out  in  this  mixture  they  usually  con- 
tract to  some  extent,  but  slowly;  and  many  contract  only 
partially.  If  fibres  be  allowed  to  lie  in  this  mixture  for  five 
or  ten  minutes  before  the  fibrils  are  teased  out,  it  is  usual  for 
all  the  latter  to  remain  completely  extended,  though  some  may 
contract  slightly.  If  isolated  fibrils  be  allowed  to  soak  for 
some  time  in  these  mixtures  containing  much  salt,  many  of 
them  soon  show  a  distinctly  collapsed  appearance,  t.e.,  the. 
sarcomeres  haye  their  side  walls  partially  sunken  inwards,  so 
that  they  now  seem  no  longer  fully  distended,  but  shrunken. 

A  mixture  of  white  of  egg  and  1  per  cent.  NaCl  solution 
contains  about  *85  per  cent,  of  salts.  Fibrils  teased  out  in  this 
mixture  contract  well  and  uniformly,  but  if  the  fibres  be 
allowed  to  soak  for  ten  minutes  in  the  mixture  before  the 
fibrils  are  teased  out,  contraction  is  much  retarded  and  very 
imperfect  in  most  cases,  while  a  preliminary  soaking  for  fifteen 
minutes  is  usually  enough  to  prevent  contraction  entirely. 

A  mixture  of  white  of  egg  and  distilled  water  contains  about 
'35  per  cent,  of  salts.  Fibrils  teased  out  in  this  mixture  always 
contract  rapidly  and  completely,  and  do  so,  even  if  the  fibres  have 
beeu  soaked  for  half  an  hour  or  more  in  the  mixture. 

These  results  are  readily  explicable  in  terms  of  the  working 
hypothesis  of  contraction  that   1  have  suggested.      The   sar- 
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comeres  of  the  teased-out  fibrils  are  in  such  a  condition  of 
distension  that  when  they  are  subject  to  no  extending  force 
they  remain  contracted.  Those  which  are  isolated  by  teasiflg 
are  necessarily  drawn  out  in  the  process  of  being  ruptured 
across.  They  then  rapidly  resume  the  condition  of  retraction 
or  contraction  so  long  as  the  medium  in  which  they  lie  is  one 
which  does  not  materially  alter  their  physical  state.  White  of 
egg  mixed  with  normal  saline  solution  is  such  a  medium.  But 
if  the  mixture  contains  a  large  proportion  of  salts,  there  is 
caused  a  passage  of  fluid  out  of  the  sarcomeres  (as  proved  by 
the  conditions  of  partial  collapse  produced  by  the  long  con- 
tinued action  of  the  fluid),  and  this  relieving  their  condition  of 
tension  or  distension,  removes  thereby  tlieir  tendency  to  con- 
tract. On  the  other  hand,  the  mixture  of  white  of  e^  with 
water  probably  causes  a  passage  of  fluid  into  the  sarcomeres, 
and  so,  by  still  further  distending  them,  increases  their  tendency 
to  contract. 

This  interpretation  of  the  facts  is  fully  borne  out  by  a  study 
of  the  effects  of  similar  agents  on  fibres  from  the  leg  muscles 
of  the  water-beetle  and  from  the  claw  muscles  of  the  crayfish. 
Fibres  of  the  former  kind,  when  separated  with  needles  in  '75 
per  cent.  NaCl  solution,  if  not  at  first  in  a  state  of  complete 
contraction,  usually  contract  slowly  to  the  maximal  extent. 
If  the  saline  solution  be  replaced  by  distilled  water,  contraction 
proceeds  more  rapidly  and  certainly.  If  tlie  muscles  be  soake<l 
for  ton  to  fifteen  minutes  in  a  2  per  cent.  NaCl  solution  and 
then  separated  in  this  same  solution,  most  of  them  are  found 
in  a  state  of  complete  extension,  and  remain  so.  If,  then,  the 
2  per  cent.  NaCl  solution  be  replaced  by  one  containing  only 
1  per  cent.  NaCl,  in  the  first  few  seconds  there  is  no  apparent 
result,  but  usually  after  about  ten  seconds  a  slow  contraction 
begins,  and  then,  growing  more  rapid,  continues  until  all  the 
fibres  are  wholly  contracted.  If  a  1  per  cent.  NaCl  solution 
fails  to  produce  this  result,  one  containing  '75  per  cent.  NaCI 
will  invariably  do  so.  When  weaker  solutions  are  used,  con- 
traction begins  and  proceeds  more  rapidly,  and  most  rapidly 
when  distilled  water  is  used.  When  a  slow  contraction  set  up 
by  a  1  per  cent,  solution  has  begun,  it  may  sometimes  be  stopped 
by  swilling  the  fibre  with  a  2  i>er  cent.  NaCl  solution. 


A  THEORY   or  MUSCULAR  CONTRACTION.  197 

Assuming  that  my  account  of  the  structure  of  these  fibres 
be  the  true  one,  i.e,,  that  their  muscle  columns  are  similar  in 
all  essential  respects  to  the  cylindrical  sarcostyles  of  the  in- 
sect's wing  muscles,  these  facts  are  readily  explicable  on  the 
same  lines  as  those  just  dealt  with.  The  sarcomeres  are  in  a 
condition  of  chronic  distension,  i.«.,  they  have  tone,  and  when 
separated  in  an  inert  fluid  they  contract.  When  they  are 
separated  in  distilled  water,  water  passes  by  osmosis  into  the 
sarcoplasm,  and  thence  into  the  sarcomeres  also,  so  increasing 
their  distension,  and  causing  a  more  rapid  and  powerful  con- 
traction. When  they  are  soaked  in  2  per  cent.  NaCl  solution, 
water  passes  from  the  sarcoplasm,  and  therefore  also  from  the 
sarcomeres;  the  condition  of  distension  of  the  sarcomeres  is 
removed,  and  therefore  the  tendency  to  spontaneous  contraction. 
When  1  per  cent,  NaCl  solution  is  added,  it  acts  on  the  fibres 
containing  a  raised  percentage  of  salts  just  as  pure  water  acts 
upon  normal  fibres. — it  produces,  in  fact,  a  water-rigor. 

In  just  the  same  way,  a  1  per  cent.  NaCl  solution  will  abolish 
the  tendency  to  spontaneous  contraction,  though  less  rapidly  and 
certainly  than  does  the  2  per  cent,  solution.  Contraction  may 
then  be  produced  by  means  of  '75  per  cent,  solution,  but  much 
more  certainly  by  5  per  cent,  solution.  This  seems  to  be  ex- 
plicable in  just  the  same  way  as  the  previous  case. 

If  to  fibres  lying  relaxed  in  1  per  cent.  NaCl  solution  there  be 
added  a  solution  containing  1  per  cent.  NaCl  and  *03  per  cent, 
lactic  acid,  a  contraction  results  after  a  few  seconds,  which  is 
quite  similar  to  that  produced  by  distilled  water.  Now  we 
have  seen  that  a  still  weaker  solution  of  acid  than  this  will 
cause  a  very  rapid  passage  of  large  quantities  of  fluid  into 
sarcomeres  of  isolated  sarcostyles,  and  it  seems  highly  probable 
that  the  acid  causes  contraction  in  this  case  by  leading  to  the 
passage  of  fluid  into  the  sarcomeres,  just  as  pure  water  and 
weak  saline  solutions  seem  to  do. 

Since  the  contractile  elements  of  the  claw  muscles  of  the 
crayfish  are  unquestionably  cylindrical  sarcostyles  exactly 
similar  to  those  of  the  insect's  wing  muscles,  it  seemed  worth 
while  to  repeat  this  last  series  of  experiments  on  them. 
Water  and  saline  solutions  seem  to  exert  on  these  muscles  a 
very  rapidly  injurious  effect;  and  when  pinned  out  with  their 
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natural  attachments  in  the  extended  state,  the  fibres  have  so 
strong  a  tendency  to  contract  that  they  usually  break  away 
from  their  attachments,  and  contract  completely.  But  after 
being  soaked  in  mixtures  of  white  of  egg  and  saline  solution 
in  equal  parts  containing  2  per  cent  of  salts,  they  may  be 
obtained  in  a  fully  extended  or  relaxed  condition.  The  addition 
of  weaker  saline  solutions  or  water  then  causes  contraction, 
which  is  rapid  and  certain  according  as  there  is  a  low  per- 
centage of  salts.  In  a  similar  way,  a  mixture  of  white  of  egg 
and  saline  solution  containing  1  per  cent,  of  salts  will  cause  a 
condition  of  complete  relaxation;  and  fibres  in  this  state 
contract  on  the  addition  of  '5  per  cent,  of  NaCl  solution  or  1 
per  cent.  NaCl  solution  containing  '03  per  cent  lactic  acid.  In 
my  previous  paper  I  pointed  out  how,  in  regard  to  structure, 
these  muscles  form  a  natural  link  between  the  types  of  the 
wing  muscles  and  the  leg  muscles  of  insects,  and  we  see  here 
that  in  these  respects  also  they  are  intermediate  in  character 
to  those  two  types  of  muscle. 

My  interpretation  of  these  results  finds  further  support  in 
certain  observations  made  by  Mr  W,  M.  Fletcher  of  Trinity 
College,  which  he  has  not  yet  published.  He  has  most  kindly 
given  me  permission  to  make  use  of  such  of  his  results  as  throw 
most  light  on  the  problem  in  hand.  It  has  long  been  known 
that  frog's  muscle,  when  immersed  in  distilled  water,  or  when 
water  is  pumped  through  its  vessels,  passes  into  a  long  continued 
state  of  contraction,  and  that  this  state  of  contraction  may  be 
abolished  by  immersing  the  muscle  in  2  per  cent  NaCl  solution, 
or  pumping  this  solution  through  its  vessels.  In  the  course  of  a 
series  of  very  delicate  estimations  of  the  amounts  of  carbonic 
acid  given  off  from  surviving  muscles  in  units  of  time  at  various 
periods  after  excision  from  the  body,  Mr  Fletcher  has  found 
that  when  a  frog's  muscle  passes  into  a  well-marked  water-rigor 
owing  to  immersion  in  distilled  water,  there  is  do  increase  in 
the  rate  at  which  COg  is  being  given  ofif  from  the  muscle  at  the 
time.  Tliis  observation,  although  not  conclusive,  would  seem  to 
indicate  that  the  water  does  not  produce  its  effect  by  causing  a 
chemical  change  in  the  same  way  as  ordinary  stimuli,  but  that 
its  effect  is  rather  a  purely  physical  one.  It  therefore  lends 
support  to  the  explanation  of  water-rigor  that  I  have  suggested, 
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namely,  that  it  is  due  to  the  passage  of  fluid  into  the  sarcomeres, 
owing  to  a  redaction  of  the  osmotic  equivalent  of  the  fluids  of 
the  sarcoplasm. 

Mr  Fletcher  has  also  shown  that  when  a  muscle  is  immersed 
in  a  weak  solution  of  lactic  acid  (4  parts  of  acid  in  10,000  of 
uoonal  saline  solution),  a  well-marked  contraction  rapidly  ensues 
and  persists.  And,  just  as  the  water-rigor  may  be  abolished  by 
immersion  of  the  muscle  in  2  per  cent  salt  solution,  so  this  acid- 
rigor  may  be  slowly  abolished,  at  least  in  part,  by  inmiersion  in 
normal  saline  solution.  Now,  I  have  shown  that  acid  of  less 
concentration  than  this  (namely,  1  part  in  10,000)  will  cause 
swelling  of  isolated  sarcostyles,  even  when  they  are  already 
partially  altered  and  set  by  immersion  in  saline  solution :  and 
that  by  washing  with  saline  solution  free  from  acid,  the  swelling 
may  be  as  rapidly  abolished.  It  seems,  then,  probable  that  the 
weak  acid  produces  its  effect  on  the  whole  muscle  by  causing 
the  passage  of  fluid  into  the  sarcomeres,  and  that  the  relaxation 
of  the  muscle  ou  subsequeut  immersion  in  normal  saline  solution 
is  due  to  a  washing  away  of  the  acid  It  is  true  that  Mr 
Fletcher  finds  that  the  immersion  of  the  muscle  in  the  acid 
and  the  onset  of  the  acid-rigor  is  accompanied  by  a  sudden 
increase  in  the  amount  of  CO2  given  off  by  the  muscle.  But 
there  are  good  reasons  for  believing  that  the  sarcoplasm  of  the 
muscle  contains  a  certain  amount  of  COj  in  a  state  of  loose 
chemical  combination;  and  it  is  highly  probable  that  the  increase 
in  the  amount  of  COj  given  off  may  represent  tliis  stock  of 
loosely  combined  COj  suddenly  set  free  by  the  advent  of  the 
acid. 

In  my  previous  paper  I  suggested  that  contraction  is  due  to  a 
passage  of  water  from  the  sarcoplasm  into  the  sarcomeres,  owing 
to  an  increase  in  the  osmotic  equivalent  of  their  contents ;  and 
that  this  increase  is  due  to  the  splitting  up  of  large  unstable 
molecules  into  a  larger  number  of  smaller  molecules.  The  ob- 
servations recorded  above  form  a  basis  for  further  speculation 
on  the  cause  of  contraction,  and  suggest  that,  while  an  increase 
in  the  number  of  molecules  in  solution  in  the  sarcomeres  may 
be  in  part  the  cause  of  passage  of  fluid  into  them,  probably  a 
more  important  factor  in  bringing  about  the  result  is  the  pre- 
sence of  lactic  acid  among  those  newly  formed  moleculea     There 
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are  reasons  for  believing  that  if  lactic  acid  is  the  main  agent  in 
the  process,  it  is  produced  in  the  sarcomeres  rather  than  in  the 
sarcoplasm.  The  experiments  mentioned  above,  in  which  iso- 
lated sarcostyles  were  swollen  with  acid,  and  subsequently  made 
to  shrink  by  washing  with  saline  solution  or  water  free  from 
acid,  indicate  that  it  is  the  presence  of  acid  in  the  contents  of 
the  sarcomeres  that  determines  the  taking  up  of  water  and  the 
holding  of  it  by  those  contents.  In  making  these  experiments 
with  acids,  I  have  frequently  noticed  that  the  immediate  effect 
of  adding  a  solution  of  acid,  too  weak  to  cause  a  swelling  of  the 
fibrils,  is  to  cause  a  well-marked  sudden  shrinkage  of  them. 
There  seems  to  be  a  passage  of  fluid  out  of  the  sarcomeres, 
caused  by  the  presence  outside  them  of  acid  which  has  not  yet 
permeated  their  substance. 

In  those  experiments  in  which  a  solution  containing  '01  per 
cent,  lactic  acid  caused  the  passage  of  a  large  quantity  of  water 
into  the  sarcomeres  of  isolated  sarcostyles,  the  latter  had  been 
lying  in  saline  solution,  and  were  already  partly  set  or  coagulated, 
and  less  easily  affected  by  the  acid  than  quite  unaltered  sarco- 
styles would  be.  This  alteration  is  proved  by  the  fact  that 
sarcostyles  only  partially  teased  out  from  the  fibres,  i.e.,  lying 
still  embedded  in  sarcoplasm,  and  therefore  less  affected  by  the 
saline  solution,  are  generally  swollen  by  weaker  solutions  of  acid 
than  those  that  are  lying  free  in  the  fluid.  It  seems  probable, 
then,  that  the  setting  free  of  a  very  minute  quantity  of  lactic 
acid  in  the  chambers  of  the  normal  living  sarcomere  is  sufficient 
to  cause  the  passage  into  the  sarcomere  of  a  quantity  of  fluid. 
It  would  seem  probable,  therefore,  that  the  production  of  so  small 
a  quantity  of  acid  as  would  constitute  the  contents  of  the  sarco- 
mere a  '001  per  cent,  solution,  or  even  of  a  still  smaller  quantity, 
may  cause  the  passage  into  the  sarcomere  of  enough  fluid  to 
bring  about  contraction. 

I  would  suggest,  then,  that  contraction  is  the  result  of  the  ' 
passage  of  fluid  into  the  sarcomeres  from  the  sarcoplasm,  deter- 
mined by  the  setting  free  of  lactic  acid  in  the  fluid  contents  of 
the  sarcomere,  aided  perhaps  by  an  increase  in  the  osmotic  equi- 
valent of  these  fluid  contents  through  an  increase  in  the  number 
of  molecules  in  solution.  Then,  so  long  as  the  acid  remains  pre- 
sent in  the  fluid  of  the  sarcomere,  the  additional  fluid  absorbed 
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will  be  retaiued  and  the  state  of  oontnctioD  will  continaeL     F^i 

as  soon  as  the  acid  escapes  horn  the  aaicoiueie.  Ifae  addix.:::^ 

fluid  will  also  escape  with  it  into  the  sucoplasm,  and  all*:-w  iv^ 

laxation  to  take  place,  jnst  as  in  the  case  of  the  kolatf^i  auvv^ 

styles  swollen  by  acid,  ra|Hd  shrinkage  resolts  from  w^ishin^  -^u: 

the  acid  with  water,  and  in  the  case  of  acid-r^^)r,  lelasuivn 

results  from  immersion  in  normal  saline  solutioiL    It  is pcol«:> 

that  in  normal  muscle  the  sarcoplasm  contains  a  stoK  of  alks- 

line  substances  specially  adapted  for  taking  np  the  acid  of  the 

sarcomeres,  and  that  the  acid  is  no  sooner  piodneed  ihan  ii 

begins  to  pass  out  into  the  sarcoplasm,  either  as  lactic  acid.  t>r 

perhaps,  having  undergone  a  further  change,  as  carbcMiie  a^id. 

I!  we  adopt  this  as  a  working  hypothesis  of  the  |ura«%s9es 
immediately  concerned  in  contraction  and  relaxation,  we  can 
give  explanations  of  many  of  the  well-known  phenomena  of 
moecular  activity.  We  see  that  relaxation  is,  in  a  sense,  au 
active  process,  for  it  does  not  depend  merely  upon  the  c^ssifttion 
of  some  change  causing  contraction,  bat  is  the  result  of  a  dis- 
tinct physical  process,  namely,  the  escape  of  fluid  from  the  ^r- 
oomeres.  Many  considerations  have  led  i^iysiologists  to  the 
ooDclnsion  that  relaxation  is  in  fact  an  active  processL 

the  form  of  the  curve  of  simple  contraction  may  be  e3q[>laiued 
thiis:— The  sudden  production  of  acid  leads  to  an  inrush  of  tiuid 
iuto  the  sarcomeres,  which  is  most  rapid  at  first,  and  becomes 
slower  as  the  acid  escapes,  until  the  amount  of  acid  present  is 
no  longer  enough  to  hold  this  additional  fluid  in  the  sarcomeres. 
The  additional  fluid  then  begins  to  escape,  most  rapidly  at  first, 
then  more  slowly,  since  the  acid  must  escape  most  rapidly  when 
it  is  present  in  largest  quantity,  and  very  slowly  when  most  of 
it  has  already  escaped.  Hence  the  long  drawn-out  character  of 
the  lowest  part  of  the  curve  of  relaxation. 

It  is  well  known  that  the  first  part  of  a  contraction  is  the 
most  forcible,  and  that  three  small  contractions  give  a  larger 
proportion  of  work  to  heat  than  one  large  one  that  does  the 
same  amount  of  external  work  as  the  three  together  (I.,  s.  167). 
The  action  of  the  elastic  discs  of  the  sarcomeres  must  tend  to 
produce  just  this  result,  for  in  a  large  contraction  there  must  be 
a  greater  proportion  of  the  whole  transformed  energy  spent  in 
doiug  work  in  stretching  the  elastic  discs  in  the  later  than  in 
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the  earlier  stages  of  eontractiou,  and  this  part  will  appear  not 
as  external  work,  but  as  internal  heat.  Hence  the  greater 
economy  of  small  contractions  as  compared  with  large  ones. 
Probably  other  factors  besides  play  a  part  in  determinlDg  the 
greater  force  of  the  early  part  of  a  contraction.  Thus,  if  the 
setting  free  of  acid  in  the  sarcomeres  is  very  sudden,  practically 
instantaneous,  there  will  be  developed  a  certain  hunger  for  water, 
or  power  of  attracting  water,  which  becomes  feebler  as  it  becomes 
more  and  more  satisfied  in  the  earlier  stages  of  contraction.  It 
seems  probable  also,  from  a  consideration  of  the  conditions,  that 
the  distending  force  must  act  on  the  walls  of  the  sarcomeres  at 
a  greater  mechanical  advantage  in  the  early  than  in  the  later 
stages  of  contraction. 

The  facts  of  summation  of  stimuli  are  very  fully  explicable  in 
terms  of  this  hypothesis.     When  a  second  stimulus  is  thrown 
into  a  muscle  before  the  contraction  due  to  a  former  stimulus  of 
the  same  strength  has  passed  away,  the  second  contraction  rises 
from  that  point  on  the  curve  of  the  first  contraction  at  which  it 
is  thrown  in,  as  from  a  new  base  line,  but  does  not  rise  quite  so 
high  as  it  would  from  the  normal  base  line  (II.,  p.  117).    Thus, 
in  fig.  5  (copied  from  Helmholtz),  if   the  second  stimulus  be 
thrown  in  at  b,  the  second  contraction  rises  almost  to  an  equal 
height  with  the  first  one.     For  at  the  point  of  time  b,  the 
sarcomeres  of  the  muscle  are  distended   with    the  whole  of 
the   additional   fluid    that    has    passed    in    as    the   result  of 
the  setting  free  of  acid  at  the  point  a,  while  the  acid  itself 
has  mostly  escaped,  so  that  it  can  no  longer  hold  this  atldi- 
tional  fluid  in  the  sarcomeres.     When  at  this  point,  b,  a  second 
quantity  of  acid  equal  to  the  first  is  set  free,  the  escape  of  the 
additional  fluid  already  present  is  prevented,  and  the  entrance  of 
a  second  quantity  equal  to  the  first  is  determined.     But,  as  we 
have  already  seen  reason  to  believe,  the  distending  force  acts  at 
less  advantage  when  the  sarcomeres  are  already  partially  con- 
treicted,  and  so  the  second  rise  is  not  quite  so  high  as  the  former 
one.     Just  in  the  same  way,  when  a  second  stimulus  is  thrown 
in  at  any  point  on  the  descending  part  of  the  curve,  the  further 
escape  of  the  additional  fluid  is  arrested,  and  the  entrance  of  a 
second  quantity  is  determined,  and  the  contraction  rises  to  a 
height  corresponding  to  the  sum  of  these  two  quantities  of  addi- 
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tioDal  fluid.  When  the  second  stimulus  is  throvm  in  at  a  point 
on  the  asceudii^  part  of  the  curve  of  the  former  contiactioD  (g 
in  fig.  5),  the  add  set  free  at  that  point  begins  to  escape  in  the 
same  way  as  that  liberated  by  the  former  stimulus ;  and  so.  after 
an  interval  g-h,  equal  to  the  interval  a  b,  it  has  diminished  in 
qoauttty  to  the  point  at  which  it  can  no  longer  hold  the  addi- 
tioual  fluid.  The  height  of  the  contraction  therefore  represents 
the  amount  of  fluid  that  passes  in  during  the  time  a  k.  The 
curve  of  relaxation  we  may  regard  as  consisting  of  the  two  parts 
h  i  and  %  k,  the  former  representii^  the  escape  of  the  additional 
fluid  that  has  passed  in  during  the  period  g  h,  the  latter  that  of 
the  fluid  that  passed  in  during  the  period  a  g. 

The  contraction  resulting  from  the  summation  of  two  or  more 
(timuli,  each  of  which  alone  is  subliminal,  such  as  occuis  in 


Fig.  5. 

crab's  muscle  (II.,  p.  117),  demands  a  different  explanation.  It 
most  be  supposed  that  the  acid  set  free  by  the  first  stimulus 
is  insuificient  to  cause  a  flow  of  fluid  into  the  sarcomeres,  but 
that  when  a  second  stimulus  follows  after  the  first  before  the 
acid  liberated  by  the  first  has  had  time  wholly  to  escape,  then  the 
percentage  of  acid  in  the  sarcomeres  is  large  enough  to  cause 
the  inflow  of  fluid,  and  contraction  results. 

lliere  is  a  group  of  phenomena — the  staircase,  fatigue  in  excised 
muscles,  the  effects  of  deprivation  of  circulation,  etc. — which 
seem  to  be  all  explicable  by  means  of  one  not  improbable 
a&Bumption.  I  have  said  that  the  sarcoplasm  probably  contains 
a  stock  of  alkaline  substances  which,  in  a  fresh  muscle,  are 
hungry  for  the  acid  products  of  the  sarcomeres,  and  that  after 
contraction  they  take  up  the  acids,  probably  in  the  form  of  car- 
bonic acid,  and  pass  them  on  to  the  lymph  and  bIood«     That 

VOL  xxxn.  (N.8.  vou  XII.)  o 
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there  is  some  such  storage  of  CO2  is  made  almost. certain  by  th^ 
observation  by  Mr  Fletcher  of  the  fact  that  a  simple  contraction 
or  a  few  simple  contractions  do  not  cause  any  increase  in  the 
amount  of  CO2  that  is  being  given  off  by  an  excised  muscle, 
while  immersion  in  very  dilute  acid  does  cause  the  giving  off  d 
an  increased  quantity  of  COg  during  the  first  few  minutes.  It 
is  clear  that  if  relaxation  depends  upon  the  escape  of  the  acids, 
and  this  escape  depends,  as  it  must,  upon  the  state  of  the  sarco- 
plasm,  then  in  an  excised  muscle,  on  repeated  contraction,  the 
alkalinity  of  the  snrcoplasm  must  diminish,  its  hunger  for  the 
acids  must  be  partially  satisfied,  and  the  acids  will  then  escape 
from  the  sarcomeres  less  rapidly.  We  see  here,  then,  the  ex- 
planation of  the  lengthening  of  the  curve  of  relaxation  through 
fatigue  iu  excised  muscles,  while  the  curve  of  shortening  remains 
unaltered.  The  cutting  off  the  circulation  through  the  vessels 
of  a  muscle  is  said  to  affect  the  curve  of  its  contraction  in  just 
the  same  way,  and  a  similar  explanation  seeius  to  apply  to  this 
case.  The  slow  metabolism  of  the  resting  muscle,  on  which  its 
tone  may  be  supposed  to  depend,  must  lead,  in  the  absence  0! 
the  circulation,  to  a  partial  saturation  of  the  sarcoplasm  with 
the  waste  products  of  the  sarcomeres.  The  acids  will  then  no 
longer  escape  from  the  sarcomeres  so  rapidly  as  in  a  muscle  from 
which  the  circulating  blood  continually  carries  the  COg  and 
other  waste  products  away  from  the  sarcoplasm. 

Fatigue  of  this  kind  may  be  in  some  degree  removed  by  the 
circulation  of  a  simple  saline  solution  (which  presumably  acts 
by  washing  out  the  acid  waste  products),  and  Eanke  has  shown 
that  by  injecting  an  extract  of  fatigued  muscle,  fatigue  symptoms 
may  be  produced.  He  has  further  shown  that  the  active  sub^ 
stances  concerned  are  COg,  lactic  acid,  and  acid  sodium  phos; 
phate ;  and  Hermann  has  pointed  out  that  other  acids .  will 
produce  similar  symptoms,  and  that  weak  alkalies  will  remove 
these  symptoms  (I.,  s.  23).  When  a  muscle  with  intact  circula- 
tion is  repeatedly  stimulated,  fatigue  is  manifested  by  a  diminu- 
tion of  the  height  of  the  curve  of  contraction :  it  may  in  this 
case,  perhaps,  be  regarded  as  chiefly  due  to  a  using  up  of  the 
reserve  substances  on  whose  metabolism  contraction  dependa 
l^»ut  all  the  facts  quoted  above  support  my  suggestion  that  the 
fatigue  symptoms  of  excised  muscle  are  due  to  the  accumulation 
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of  acids  in  die  sarooplasm  of  the  mascje.  IIt  b^r^rcibsaBL  laoiL 
explains  the  'modus  operandi'  of  this  aercn'rjftS«d  acaL  cue 
bring?  together,  as  effects  of  this  one  cacse.  a  >«  «?a»  :c 
phenomena,  the  relations  between  vfaidi  ha^v  11 


quite  obscure.  For  assuming,  as  we  hare  sbik;  rwK*:*!  fnr  5 
that  the  rapidity  of  escape  of  acid  from  tbe  aapi-j  ■=:«**»  Sr^Mso* 
upon  the  capacity  of  the  saroopiasm  lo  take  ii  ^7  TMiily  asi* 
that  this  capacity,  in  turn,  depends  upon  the  |»ijALi:e  -k:  a 
store  of  alkaline  substance  in  the  sarroplasEn.  ihe  r:  2^ 
how  the  accumulation  of  acid  in  the  9an:iL>^*Ia5c:  :=.t5$  ±zi 


its  capacity  for  taking  up  more  acid,  and  s>  make  ibe  «»^.&t«^  .c 
acid  from  the  sarcomeres  lees  rapid. 

We  may  now  apply  this  conception  of  the  pg*:*ae3BB  Tzj5*r- 
lying  the  fatigue  of  excised  muscle  to  die  deiaiI<E^i  exr'.fcnfc.f>n& 
of  a  series  of  phenomena.  And  we  may  beein  \y  a  =fS.:f  re  rt 
the  '  verkurzung-riickstand.'  When  a  muscie  is  weL±:ai  wiir 
aTery  small  load,  the  curve  of  its  contiaeti-io  r«Tr!3«  m  izir 
base  line  only  very  slowly.  This  long  oootinu«  ^l:^*  iei^'!** 
of  contraction  is  what  Hermann  has  called  the  ^t^z^^zttzz'^ 
rockstand.'  When  an  excised  muscle  has  been  zi^ie  to  e>:r>- 
tract  several  times  in  rapid  suocession,  the  ani:-::^;  ::  iL-.« 
residual  contraction  is  much  greater  and  persists  hl-  h  I-cj?eT 
aud  is  called  'contracture*  (I.,  a  2:H*  The  ' r-rk-irrz'-r?- 
nickstand'  may  be  explained  by  supposing  that  iLe  rkZrr  r 
escape  of  the  acid  from  the  earoomeres  during  reLaxa;:-:n  pr> 
gressively  diminishes,  so  that  the  last  quantities  escape  ocIt 
veiy  slowly,  and  so  a  part  of  the  additional  £uid  ale>r'^*^i  \\ 
the  sarcomeres  during  contraction  escapes  only  very  «I-ar> 


Then,  in  an  excised  muscle  the  acid  taken  up  by  the  san^j- 
plasm  in  a  first  contraction  does  not  escape  from  it.  and  th^ 
readiness  of  the  sarcoplasm  to  take  up  more  acid  is  tLenr'ov 
diminished.  The  acid  causing  a  second  contraction  theref'ire 
escapes  less  rapidly  than  that  which  caused  the  first  one,  ai^d 
the  *  verkiirzuugs-ruckstaud  *  is  therefore  larger,  ^nd  with 
each  succeeding  contraction  the  readiness  with  which  tr.- 
sarcoplasm  will  take  up  more  acid  is  diminished,  and  the  es/^-ar><^ 
of  acid  from  the  sarcomeres  is  therefore  less  rapid   and   the 

^  BiGilermann  uses  this  \\-ord  iu  auotlicr  sense. 
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'  verkurzungs-riickstand '  greater,  until  it  is  so  marked  as  to 
deserve  the  name  *  contracture.' 

The  phenomenon  of  the  '  staircase '  seems  to  be  another  effect 
of  this  accumulation  of  acid  in  the  sarcoplasm,  and  consequent 
slower  escape  of  acid  and  water  from  the  sarcomeres.  The 
curve  of  fig.  6  illustrates  this  phenomenon  in  the  case  of  an 
excised  frog's  muscle.  Each  contraction  in  a  closely  following 
series  is  higher  than  the  immediately  preceding  contraction, 
and  after  a  short  interval  the  first  contraction  of  a  second  series 
is  lower  than  the  last,  but  higher  than  the  first,  of  the  former 
series.  In  each  series,  each  contraction  leaves  in  the  sarcomeres 
a  certain  residuum  of  acid  and  additional  water  which  determine 
the  '  verkiirzungs-ruckstand.'  And  each  contraction  leaves  the 
sarcoplasm  less  ready  to  take  up  more  acid :  the  escape  of  acid 
in  each  contraction  will  therefore  be  less  rapid  than  in  the  pre- 
ceding contraction,  and  the  residual  amount  in  the  sarcomeres 
will  be  greater.    Each  contraction-curve  will  therefore  start 

Fig.  6. 

from  a  higher  base  line,  and  in  so  far  will  tend  to  be  higher 
than  its  predecessor.  But  there  is  another  factor  tending 
towards  the  same  end.  Since  the  escape  of  acid  from  the 
sarcomeres  is  slower,  a  longer  time  must  elapse  after  the  point 
at  which  the  acid  was  set  free  before  the  quantity  of  it  in  the 
sarcomeres  is  insufficient  to  attract  more  water.  The  passage 
of  water  into  the  sarcomeres  will  therefore  continue  for  a  longer 
period,  the  amount  that  passes  in  must  be  greater,  and  there- 
fore the  curve  of  contraction  must  be  higher. 

In  exactly  the  same  way,  we  may  explain  the  fact  that  a 
stimulus  will  cause  a  higher  rise  of  the  contraction-curve  after 
a  short  tetanus  than  one  of  the  same  strength  thrown  in  before 
the  tetanus. 

Tetanus  results  when  stimuli  follow  one  another  at  such  a 
rate  that  each  one  arrives  before  the  contraction  caused  by  the 
preceding  one  has  passed  away.  A  'staircase'  series  of  con- 
tractions may  be   regarded  as   the  most  incomplete  form  of 
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tetauus.  In  a  complete  tetanus,  the  contractiou-carve  rises 
higher  than  that  of  a  simple  contraction  due  to  the  most  power- 
ful stimulus,  and  there  are  no  oscillations  of  the  curve.  We 
must  suppose  that  each  succeeding  stimulus  sets  free  a  fresh 
quantity  of  acid  in  the  sarcomeres,  while  the  acid  of  the  pre- 
ceding stimulus  is  still  causing  an  inrush  of  fluid  There  is 
therefore  maintained  such  a  degree  of  acidity  of  the  contents 
of  the  sarcomeres  as  will  tend  to  cause  a  constant  inflow  of 
fluid ;  and  when  a  ma}dmal  contraction  is  reached,  will  determine 
its  persistence.  "  The  height  of  the  tetanus-curve  grows  with 
the  strength  of  excitation,  or,  where  this  ia  constant,  with  its 
frequency.  The  steepness  of  the  rise  alters  in  the  same  pro- 
portions "  (II.,  p.  121) ;  for,  with  increased  strength  or  frequency 
of  excitation,  the  degree  of  acidity  of  the  contents  of  the  sarco- 
meres must  be  maintained  at  a  higher  level. 

It  seems  impossible  to  draw  any  sharp  line  between  'con- 
tracture' and  natural  'rigor.'  For  if  an  excised  muscle,  whose 
circulation  has  been  cut  ofif,  be  repeatedly  tetanised,  the  curve 
of  relaxation  becomes  more  and  more  prolonged,  until  there  is 
DO  perceptible  relaxation,  and  this  condition  seems  to  pass 
imperceptibly  into  'rigor.'  I  would  therefore  regard  natural 
'  rigor '  as  an  extreme  state  of  fatigue,  and  as  due  to  the  same 
cause  as  the  prolongation  of  the  curve  of  relaxation  in  the 
fatigue  of  excised  muscle,  namely,  the  accumulation  of  acid  in 
the  sarcoplasm.  We  must  suppose  that  in  an  excised  muscle 
metabolism  continues  at  a  slow  rate.  The  waste  products  must 
then  accumulate  in  the  sarcoplasm,  and  sooner  or  later  a  time 
must  come  at  which  the  capacity  of  the  sarcoplasm  for  taking 
np  and  fixing  more  acid  is  abolished.  If  the  slow  metabolism 
in  the  sarcomeres  then  continues,  the  acid  produced  must 
accumulate  in  the  sarcomeres,  and  will  then  reach  such  a  degree 
of  concentration  as  results  from  a  stimulus  applied  to  the 
muscle.  Fluid  will  then  pass  into  the  sarcomeres  from  the 
sarcoplasm  and  cause  contraction ;  and  since  there  is  no  way  of 
^cape  for  the  acid,  this  additional  fluid  will  remain  in  the 
sarcomeres,  and  the  state  of  contraction  will  persist  In  a  late 
stage  of  *  rigor  mortis '  there  is  probably  a  much  more  profound 
alteration  of  the  chemical  constitution  of  the  muscle,  notably 
the  formation  of  myosin ;  but  that  there  is  no  such  change  in 
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the  early  stages  of  '  rigor  mortis'  is  indicated  by  the  fact  that 
it  may  be  abolished  by  the  circulation  of  serum  through  the 
vessels  of  the  muscle  (I.,  s.  146),  just  as  the  acid-rigor  may  be 
abolished  by  soaking  the  muscle  in  saline  solution.  That  there 
is  no  great  sudden  chemical  change  accompanying  the  onset  of 

*  rigor  mortis '  is  indicated  by  observations  made  by  Mr  Fletcher 
of  the  rate  at  which  COg  is  given  ofif  by  a  muscle  from  the  time 
of  its  excision  till  the  time  of  its  death.  He  finds  that  the 
curve  indicating  this  rate  at  successive  intervals  of  time  after 
excision  has  very  constantly  some  such  form  as  that  in  fig.  7. 
I  must  pass  without  discussion  the  interesting  features  of  the 
first  part  of  this  curve,  and  merely  state  that  the  contraction  of 

*  rigor  mortis '  occurs  at  a  time  corresponding  to  some  part  of 
the  level  plateau,  and  that  there  occurs  at  this  time  no  increase 


Pig.  7. 


in  the  rate  of  escape  of  COg.  These  observations,  therefore, 
support  very  strongly  my  view  of  the  nature  of  the  contraction 
of  *  rigor  mortis,'  for  they  indicate  the  continuance  of  a  constant 
slow  chemical  change  of  a  nature  similar  to  normal  metabolism, 
and  the  occurrence  of  contraction  when  this  change  has  con- 
tinued for  a  certain  time.  The  contraction  would  therefore 
seem  lo  be  an  effect  of  the  accumulation  of  the  products  of  the 
slow  chemical  change.  The  *  modus  operandi '  of  those  accumu- 
lated products  I  have  already  suggested. 

This  view  of  the  nature  of  the  early  stage  of  '  rigor  mortis '  is 
further  borne  out  by  the  fact  that  heat,  and  everything  that 
favours  a  rapid  metabolism,  hastens  the  onset  of  *  rigor,'  while 
cold  delays  it,  and  that  previous  fatigue  also  powerfully  favours 
the  rapid  onset  of  *  rigor';  for  these  are  factors  that  tend  to 
cause  an  accumulation  of  acids  in  the  muscle. 
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The  nature  of  water-rigor  and  the  process  of  its  abolition  by 
means  of  2  per  cent.  NaCl  solution  I  have  already  discussed,  and 
have  indicated  my  view  of  the  processes  concerned. 

The  view  here  adopted  of  the  influence  on  contraction  of  the 
waste  products  of  metabolism  finds  confirmation  in  the  fact  that 
those  muscles  of  which  very  rapidly  succeeding  distinct  contrac- 
tions are  required,  contain  a  relatively  very  large  amount  of 
sarcoplasm,  and  elaborate  arrangements  for  carrying  off  the 
waste  products  of  metabolism.  Thus  the  insect's  wing  muscle 
has  a  very  lai^e  amount  of  sarcoplasm  which  is  permeated  in  all 
its  parts  with  a  very  dense  network  of  fine  air-tubes.  These 
tabes  constitute  a  very  perfect  system  for  carrying  carbonic  acid 
away  from  the  sarcoplasm.  So  also  the  fibres  of  the  muscles  of 
the  bat  s  wing  contain  a  very  large  amount  of  sarcoplasm,  and 
are  very  slender;  and  each  one  of  these  slender  fibres  is  sur- 
raonded  by  an  extraordinarily  dense  network  of  capillary  blood- 
Teasels. 

It  is  generally  agreed  that  a  satisfactory  theory  of  muscular 
contraction  must  be  capable  of  affording  explanations  not  only 
of  the  contraction  of  striated  muscle,  but  also  of  that  of  plain 
moscle  fibres,  and  of  the  movements  of  cilia  and  amoeboid 
protoplasm. 

I  do  not  at  present  see  how  my  theory  of  contraction  can  be 
applied  to  the  explanation  of  the  contraction  of  plain  muscle, 
and  I  am  inclined  to  believe  that  this  is  due  to  our  ignorance 
of  acme  definite  structure  that  exists  in  these  fibrea  There 
has  been  described  a  regular  transverse  striatiou  in  muscle  fibres 
daased  as  smooth,  and  I  have  been  able  to  make  out  indications 
dt  transverse  markings  in  the  fibres  of  the  frog's  bladder,  by  the 
application  of  Bollett's  negative  gold  staining  process.  But, 
hitherto,  I  have  endeavoured  in  vain  to  obtain  more  evidence 
of  definite  structure  in  plain  muscle. 

■  The  movement  of  cilia  may  possibly  be  explained  as  the 
result  of  just  such  a  process  as  I  have  suggested  to  be  the  cause 
of  muscular  contraction.  If,  as  Schaefer  has  suggested,^  a  cilium 
is  a  hollow  tubule,  of  whose  wall  one  side  is  more  easily  exten- 
sible than  the  other,  and  if  the  cavity  of  this  tubule  is  shut  off 
by  a  permeable  membrane  from  the  general  cell  substance,  then 

■  *  Proe.  Soy,  Soc  ,  vol.  xlix. 
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we  may  suppose  that  the  bending  of  the  cilium  is  the  result  of 
the  sudden  production  of  acid  in  the  contents  of  the  tubule,  and 
the  consequent  passage  of  fluid  into  the  tubule  from  the  general 
cell  substance;  for  such  an  inflow  of  fluid  in  distending  the 
cavity  would  cause  an  extension  of  the  more  extensible  side  of 
the  wall  of  the  tubule,  and  therefore  a  bending  of  the  tubule 
towards  the  opposite  side.  The  water-rigor  of  cilia  would  also 
be  explicable  on  just  the  same  lines  as  that  of  muscle. 

To  extend  this  theory  of  contraction  to  the  explanation  of 
protoplasmic  movement  is  a  task  that  seems  full  of  difficulty, 
yet  I  think  that  Butschli's  demonstration  of  the  existence  of 
alveolar  structure  in  so  many  different  kinds  of  protoplasm 
affords  an  indication  of  the  lines  along  which  the  explanation 
is  to  be  sought.  If  any  part  of  the  protoplasm  of  an  amoeba 
is  similar  in  constitution  to  the  contents  of  the  sarcomeres 
of  muscle,  then  the  setting  free  of  minute  quantities  of  acid 
in  those  parts  would  be  an  efficient  cause  of  movement  of 
fluid  towards  that  part.  It  may  be  that,  on  stimulation  of 
some  spot  on  the  surface  of  a  lobose  pseudopodium  of  the 
amoeba,  acid  is  s.et  free  by  chemical  decomposition  in  the  sub- 
stances occupying  the  alveoli  of  that  part,  and  that  these  then 
exert  so  strong  an  attraction  for  the  fluids  of  the  cell  body  that 
the  whole  cell  flows  towards  the  stimulated  part,  so  that  the 
pseudopodium  becomes  retracted. 

In  the  linear  series  of  alveoli  that  Biitschli  has  described  in 
the  contractile  threads  of  certain  infusoria,  we  may  perhaps  see 
the  first  step  in  the  evolution  of  the  cylindrical  sarcostyle. 

In  concluding,  I  wish  to  thank  Mr  W.  M.  Fletcher  very 
heartily  for  permission  to  make  use  of  his  unpublished  observa- 
tions. 
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ANOMALOUS  FEMALE  UEO-GENITAL  ORGANS.  By 
N.  Bishop  Harman,  B.A.,  St  John's  College,  M.R.C.S. 
(Eng.),  &c.,  Demonstrator  of  Anatomy,  Cambridge  Univer»Uy. 
(Platb  v.). 

The  following  is  a  description,  with  some  remarks,  on  anomalies 

of  unusual  character  found  in  a  female  subject  set.  9  months. 

The  child  was  admitted  to  Addenbrooke's  Hospital,  Cambridge, 

7th  August,  suffering  from  rickets  and   general   malnutrition, 

aud  died  the  following  day,  after  a  series  of  convulsions  of  do 

definite  character.     An   autopsy  was  conducted   by  Professor 

Kauthack,  to  whose  kindness  I  am  indebted  for  the  opportunity 

of  making  a  detailed  .examination  of  the  internal  orgaus,  which 

were  removed  from  the  body  with  some  lumbar  vertebrae.     Dr 

Kanthack  reports  that  the  examination  of  the  external  parts 

revealed  no  anomalous  conditions,  and  that  the  vulva,  as  regards 

its  superficies,  appeared  quite  natural.     Further  examination 

revealed  quite  a  different   condition   of  the   internal   organs, 

which  showed  the  following  peculiarities. 

The  sketch  (PI.  V.  fig.  1)  shows  that  on  the  right  side  of  the 
body  the  usual  generative  apparatus — tube,  ovary,  etc. — with  the 
kidney,  are  developed,  though  these,  in  position,  size,  and  shape, 
differ  from  the  average ;  whilst  on  the  left  side  a  long  fusiform 
body,  in  colour  and  consistency  like  to  that  of  the  right  sex- 
gland,  is,  save  for  a  small  tuft  surmounting  the  anomalous  sex- 
gland,  the  only  representation  of  the  left  uro-genital  apparatus. 

The  single  kidney  of  the  right  side  (fig.  2)  is  of  large  size 
(weight  25  grammes)  and  irregular  shape,  lobular  in  the  usual 
manner  of  such  young  organs,  but  presenting  no  resemblance 
to  the  common  shape,  being  roughly  pyramidal, — a  broad 
dorsal  surface  is  in  relation  to  diaphragm,  and  abdominal 
parietes  extending  as  far  posteriorly  (caudally)  as  the  iliac 
crest  Ventrally  it  presents  two  surfaces :  an  anterior  (cephalad) 
in  relation  to  the  right  lobe  of  the  liver,  which  organ  presents 
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a  correspondingly  enlarged  *  renal  impression  ' ;  and  a  posterior 
(caudal)  surface  in  relation  to  the  colon.  A  mesial  surface 
presents  at  its  fore  part  a  deep  sulcus,  in  place  of  the  usual 
hilum,  which  is  guarded  by  two  thick  lips  of  renal  tissue,  l«- 
tween  which  the  vessels  and  ureter  penetrate  for  about  15  mm. 
to  their  renal  connexions. 

Section  of  the  kidney  shows  that  its  papillae  radiate  in  almost 
all  directions  from  a  common  centre — the  pelvis  uretiis,  which 
is  very  small,  the  calyces  arising  almost  as  branches  from  the 
ureter  directly. 

The  ureter  presents  a  singularly  convoluted  and  sacculated 
arrangement ;  the  bends  are  united  by  webs  of  tough  connective 
tissue.  This  appearance  suggested  at  first  some  obstruction 
near  the  bladder,  but  this  proved  not  to  be  the  case,  for  a 
stylet,  passed  through  a  buttonhole  in  its  mid-length,  traversed 
its  length  both  ways  with  the  greatest  ease.  Also  the  child 
is  reported  to  have  passed  urine  in  normal  quantities.  The 
length  of  the  tube  in  the  undissected  state  measured  65  mm., 
with  the  bands  uniting  the  bends  removed  135  mm.  Besides 
the  convolutions,  two  large  sacculi  of  crescentic  shape  were 
present. 

At  its  posterior  extremity  the  ureter  passed  lateral  to  the 
uterus,  and  entered  the  bladder  by  the  usual  oblique  valvular 
opening,  about  1  mm.  to  the  right  of  the  median  line. 

The  bladder,  with  the  exception  of  its  connection  with  the 
uterus,  is  normal  in  shape,  size,  and  thickness;  its  urethral 
opening  was,  however,  large,  measuring  nearly  a  centimetre  in 
diameter. 

Attached  to  the  right  wall  of  the  bladder  is  a  single-horned 
uterus,  which  occupies  a  position  quite  to  the  right  side  of  the 
body,  or  projects  considerably  above  the  pelvic  brim,  whilst 
anteriorly  its  extremity  curves  gently  to  the  right,  and  is  con- 
tinued into  a  well-grown  Fallopian  tube,  lying  in  the  ligamentum 
latum,  and  ventral  to  and  parallel  with  the  psoas  muscle,  the 
ovary  being  mesial  to  the  tube. 

Section  of  the  uterus  shows  its  cavity  to  be  about  15  mm.  in 
length,  and  to  contain  a  thick  white  tenacious  mucus  ;  below,  its 
cavity  ends  blindly  and  bluntly,  the  wall  joining  with  that  of  the 
bladder,  the  two  becoming  insensibly  blended,  so  that  section  of 
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the  lower  part  of  the  right  wall  of  the  bladder  dififers  only  from 
that  of  the  left  in  a  barely  distinguishable  increase  in  thickness. 
Thus  no  vagina  exists,  and  the  uterus  presents  no  differentiation 
into  body,  cervix,  or  os. 

The  ovary,  situated  mesial  to  the  tube  and  ventral  to  the 
ligamentum  latum,  is  normal  in  structure ;  the  hilum  contains 
tubules,  which  indicate  the  presence  of  the  parovarium.  The 
usual  plica  gubernatrix  is  present,  and  has  gained  an  attachment 
to  the  horn  of  the  uterus,  thus  forming  utero-ovarian  and  round 
ligaments. 

An  attempt  was  made  to  find  glandular  remains  of  the 
WolflBan  body,  described  by  von  Becklinghausen  as  existing  in 
the  periphery  of  the  lateral  wall  of  the  uterus,  to  which  Freund 
attributes  the  origin  of  his  first  class  of  "Adenomyome  der 
Uteruswand "  (Biicheranzeigen,  CentralblcUt  fur  Pathologie, 
vol.  vii.,  p.  302  et  seq.). 

Transverse  sections  of  the  single-homed  uterus  were  made, 
but  no  trace  of  such  structures  could  be  fotmd,  neither  were 
there  certain  indications  of  the  existence  of  a  duct  of  Gtertner. 

The  greatest  interest  of  the  specimen,  however,  centres  in  the 
left  side.  There  we  find  a  long  or  rather  fusiform  body,  pre- 
sumably a  sex-gland,  of  dead  white  colour,  rising  up  from  the 
peritoneum  of  the  dorsal  parietes,  to  which  it  is  attached  through- 
out its  whole  length  by  a  short  peritoneal  ligament,  which  is 
occupied  by  a  dense  vascular  plexus,  causing  it  to  present  a  dark 
purple  colour.  Its  length  measures  42  mm.,  its  ventral  surface 
is  smooth,  its  edges  are  notched. 

Attached  to  the  anterior  extremity  of  the  sex-gland  is  a  tuft 
of  reddish  tissue,  consisting  of  some  five  lobes,  some  of  which  are 
pedunculated 

Passing  posteriorly  from  the  sex-gland  beneath  the  peri- 
toneum is  a  delicate  band,  which  can  be  seen  crossing  the 
median  line  to  reach  the  uterus;  whilst  from  above  passes  a 
plexus  of  veins,  with  a  single  artery,  which  are  continuous  with 
the  vessels  of  the  left  suprarenal  capsule.  There  was  also  a 
second  band  of  tissue  (not  shown  in  sketch),  which  passed 
anteriorly,  at  first  parallel  to  the  vessels,  but  diverging  from 
them  to  reach  the  diaphragm  ventral  to  the  aortic  opening. 

Examination  of  these  various  structures  by  the  microscope 
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shows  that  the  presumed  sex-gland  (figs.  3  and  4)  is  undoubtedly 
an  ovary.  The  peripheral  and  central  stroma  are  sharply  de- 
fined ;  a  few  well-developed  Graafian  follicles  with  normal  con- 
tents arc  seen,  though  the  great  majority  of  the  ova  have  not 
passed  the  primitive  stage.  No  tubes  of  Waldeyer  cjould  be 
found  penetrating  from  the  germinal  epithelium. 

The  germinal  epithelium  is  not  normal,  being  nowhere  cubical 
in  character:  on  the  ventral  surface  this  might  well  be  ac- 
counted for  by  the  handling  to  which  the  specimen  was  sub- 
jected, but  in  the  protected  dorsal  surface  the  cells  are  flattened 
also. 

The  mesovarium  contains  a  network  of  vessels,  among  which, 
at  its  anterior  part,  are  a  few  tubules,  like  to  those  figured  in 
the  next  section. 

The  minute  structure  of  the  reddish  tufts  surmounting  the 
gland  is  shown  in  fig.  5.  The  lobules  consist  of  a  mass  of  soft 
fibrous  tissue,  in  which  are  scattered,  usually  in  clusters,  tubules 
lined  by  cubical — non-ciliated — epithelium.  The  lobules  present 
sharply  defined  cortical  and  medullary  parts :  the  structure  of  the 
parts,  however,  only  differs  in  that  the  cortical  tissue  is  denser 
in  texture,  or  its  tubules  more  compressed.  The  tubules  are 
by  no  means  numerous.  This  tuft  may  be  fairly  taken  to 
represent  an  ill-developed  Wolffian  body. 

With  regard  to  the  bands  anterior  and  posterior  to  the  sex- 
gland,  the  anterior  proved  to  be  connective  tissue  environing 
a  few  nerve  strands  which  joined  with  the  solar  plexus ;  some 
of  the  fibrous  tissue  passed  on  to  the  diaphragm,  but  this,  in 
view  of  the  nervous  connexion,  will  hardly  allow  of  the  band 
rising  to  the  status  of  a  plica  gubernatrix  superior. 

In  the  posterior  band  one  hoped  to  find  some  relic  of  a 
Wolffian  or  MilUerian  duct,  of  which  ducts  no  other  traces 
could  be  found,  but  this  hope  was  destined  to  be  disappointed : 
the  band,  very  slender  anteriorly,  but  thicker  posteriorly,  is 
closely  adherent  to,  and  indeed  is  part  of,  the  fibrous  tissue  of 
the  peritoneum,  being  inseparable  from  it.  Microscopical  ex- 
amination shows  merely  fibroid  tissue,  with  a  few  blood-vessels 

The  asymmetrical  condition  of  the  branches  of  the  abdominal 
aorta  (fig.  6)  presents  some  interest  in  the  presence  of  only  one 
hypogastric  artery — that  of  the  left  side.     The  bulb  represented 


ANOMALOUS   FEMALE  URO-GENITAL  ORGANS.  215 

on  its  extremity  was  situated  at  the  umbilicus,  and  proved  to 
be  a  mucous  cyst. 

It  may  also  be  remarked  that  both  suprarenal  capsules  are 
present, — ^the  left,  as  is  frequently  found,  being  the  larger. 

To  comment  on  the  arrangements  of  the  organs  of  the  right 
side  is  not  difficult — save  m  one  particular.  The  great  si2e  of 
the  kidney  is  undoubtedly  compensatory. 

The  arrangement  of  convolutions  and  sacculation  of  the  ureter 
is,  however,  obscure  in  its  causation.  The  functional  patency  of 
the  ureter  was  as  certain  as  the  freedom  of  the  passage  of  the 
style.  That  it  could  not  be  from  past  obstruction  is  evident 
from  the  less  tortuous  anterior  end  and  the  smallness  of  the 
pelvis  uretris ;  also  the  longitudinal  arrangement  of  the  fibrous 
strands  connecting  the  bends  suggests  rather  that  the  shape 
and  great  length  (135  mm.)  of  the  tube  is  the  result  of  some 
hyperplasia,  than  distortion  from  obstruction. 

The  internal  genital  organs  of  the  right  side,  as  has  been 
shown,  are  normals-save  in  their  retention  of  the  foetal  position. 
The   absence   of   the    vagina,  a   by  no    means    uncommon 
anomaly,  is  of  doubtful  significance.     It  may  be  due  to  faUure 
of  the  Miillerian  duct  to  reach  the  cloaca. 
On  the  left  side  the  anomalies  are  of  less  easy  explanation. 
Accepting  the  fact  of  no  traceable  remains  of  Wolffian  or 
Miillerian  ducts,  may  we  believe  the  development  of  a  Wolffian 
body  or  sex-^land  possible  in  the  absence  of  such  ducts  ? 

In  regard  to  the  sex-gland,  there  seems  no  difficulty  in 
accepting  such  a  conclusion:  the  history  of  its  development 
does  not  suggest  in  any  way  its  dependence  on  the  presence 
of  a  duct. 

With  regard  to  the  Wolffian  body,  the  case  is  more  difficult. 
Observers  appear  to  agree  in  placing  the  appearance  of  the 
WolfiBan  duct  within  the  intermediate  cell-mass  earlier  than 
that  of  the  tubules,  and  to  indicate  the  dependence  of  the  latter 
iu  some  degree  on  the  former.  In  any  case,  there  appears  to 
be  no  record  of  the  presence  of  either  meso-  or  meta-nephros 
without  some  duct  Of  course,  it  may  be  argued  that  the  band 
posterior  to  the  sex-gland  represents  the  obliterated  duct ;  but 
!  1       there  is  no  evidence  in  support  of  such  a  contention. 


ABNOBMAL  ARRANGEMENT  OF  THE  SPERMATIC 
ARTERIES  AND  OF  THE  RIGHT  CORD  AND 
TESTES.  By  T.  Mabsh,  F.R.C.S.,  &c.,  Surgeon  to  the 
Queen's  Hospital,  and  late  Demonstrator  of  AnaJtomy  in 
Qtieen's  College,  Birmingham. 

A  FAIBLY  healthy  boy,  S.  M.,  set.  3,  was  admitted  into    the 
Queen's  Hospital  on  19th  August  1896,  for  the  radical  cure  of 
a  large  congenital  inguinal  hernia  on  the  left  side.     Both  testes 
were  in  the  scrotum,  but  their  relation  to  the  hernial  sac  was 
not  noted.     On  21st  August  chloroform  was  administered,  and 
the  neck  of  the  sac  exposed  by   the  usual  incision.     When 
separation  of  the  sac  from  the  constituents  of  the  cord  was  com- 
menced, an  abnormal  arrangement  was  found  to  exist.    Through 
the  external  ring,  which  was  large  and  patulous,  two  cords  were 
seen  to  emerge.    They  were  inclosed  in  one  tunica  vaginalis, 
and  passed  directly  downwards  and  to  the  right  into  the  scrotum, 
which  was  apparently  undivided  by  a  septum.     What  seemed  to 
be   a  third  cord  passed  from  the  ring  behind  the  other  two 
almost  horizontally  towards  the  right  side  and  extended  inwards 
towards  the  pubes. 

It  was  not  found  possible  to  complete  the  operation  satis- 
factorily without  removal  of  the  testicles,  so  a  ligature  was  tied 
high  up  round  the  neck  of  the  sac,  including  the  two  cords, 
and  the  structures  below  removed,  the  ring  being  closed  with 
catgut  sutures.  Unfortunately,  the  child  died  of  shock  thirty- 
six  hours  after  the  operation.  At  the  autopsy  the  arrangement 
of  the  structures  was  found  to  be  as  follows: — There  existed  but 
one  vesicula  seuiinalis — that  on  the  left  side  ;  it  was  considerably 
larger  than  normal,  and  in  connexion  with  it  there  was  a  very 
large  vas — as  thick  as  an  ordinary  drawing-pencil — ^which  took 
the  normal  course  as  far  as  half  an  inch  from  the  internal  ring, 
where  it  divided  into  two  of  equal  size.  These  pursued  their 
way  down  the  inguinal  canal  into  the  scrotum,  and  were  con- 
nected with  their  respective  testicles  in  the   usual  way.    The 
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right  spermatic  artery  crossed  over  the  middle  line  about  three 
inches  below  the  umbilicus,  and,  meeting  its  fellow  of  the 
opposite  side  just  inside  the  internal  ring,  joiued  here  with  it 
to  form  a  single  trunk,  which,  passing  down  the  inguinal 
canal,  divided  again  before  reaching  the  external  ring,  the  two 
resultiug  vessels  being  distributed  to  the  testes  in  the  ordinary 
mamier.  The  other  constituents  of  the  cord  were  not  traced. 
The  third  cord  mentioned  in  the  description  of  the  operation 
was  composed  of  fibrous  tissue  only. 

Although  the  case  is  interesting  from  its  surgical  aspect,  it  is 
much  more  so  from  a  developmental  and  anatomical  point  of 
view.  Every  departure  from  the  normal  is  worthy  of  note, 
but  perhaps  especially  so  is  the  complete  descent  of  both  testes 
into  the  scrotum,  when  associated  with  other  structural  devia- 
tions. For  notes  of  the  case,  I  am  much  indebted  to  my  House- 
Sargeou,  Mr  R  A.  Bennett,  M.R.C.S. 


CASE  OF  CLAVICULAR  INSERTION  OF  THE  PECTOR- 
ALIS  MINOR  By  A.  K  Taylob,  Downiug  College,  Cam- 
bridge. 

In  the  dissection  of  the  right  arm  of  du  adult  male,  there  was 
found  a  small  muscular  slip  from  the  upper  digitatiou  of  the 
pectoralis  minor  muscle  (coming  from  the  second  rib),  which 
passed  over  the  axillary  vessels,  but  under  the  cephalic  vein, 
and   entered   the  costo-coracoid  membi-ane;    here  it    became 
tendinous,  and  was  inserted,  superficial  to  the  outer  part  of  the 
subclavius  muscle,  into  the  clavicle.     It  m  worth  noting  that  on 
the  same  side  of  the  same  body  there  was  a  well-developed 
rectus  sternalis,  whose  fibres  were  not  continuous,  above  with 
the  tendon  of  stemo-mastoid.     It  passed  upwards  and  inwards 
from  the  fifth  rib  cartilage,  to  be  inserted  into  the  fibrous  tissue 
over  the  presternum.     It  is  represented  on  the  left  side  by  a 
tendinous  slip,  with  no  muscular  fibres.    As  bearing  on  the 
pectoral  theory  of  the  origin  of  this  muscle,  it  may  be  observed 
that  there  was  a  well-marked  deficiency  in  the  portion  of  the 
superficial  sterno-costal   division  of  the  great  pectoral  which 
normally  arises  from  the  second  rib  cartilage. 

Clavicular  insertion  of  the  lesser  pectoral  is  very  rare.  Wood 
describes  a  case  in  which  a  slip  arising  from  the  first  rib  was  so 
inserted,  and  one  in  which  a  fascicle  which  arose  from  the  second 
rib  was  attached  to  the  costo-coracoid  membrane.  He  con- 
sidered these  as  representing  an  imperfectly  developed  stemo- 
scapular  muscle.  I  am  not  aware  of  any  other  comparable  case 
except  that  described  in  a  negro  by  Chudzinski,  which  was 
inserted  only  into  a  strong  arcuate  band  of  the  costo-coracoid 
membrane.  The  innervation  of  the  slip  was  not  determined, 
but  it  being  superficial  to  the  subclavius,  seems  to  negative 
any  affinity  with  the  sterno-scapularis.  A  clavicular  insertion  of 
the  lesser  pectoral  in  the  gibbon  is  described  by  Hepburn. 


ON  THE  LINEAR  DETERMINATION  OF  THE  HUMAN 
TOOTH  FORM.  By  W.  Booth  Pearsall,  F.RC.S.I.,  Dublin. 

Fob  some  years  past  I  have  been  engaged  in  a  study  of  abnor- 
mal teeth,  of  which  a  fine  collection  has  been  made  in  Dublin. 
In  the  best  illustrations  that  I  have  been  able  to  gather  from 
books  I  am  often  at  a  loss  to  know  what  are  the  points  of  view 
from  which  they  have  been  drawn,  as  the  artist  often  relies  upon 
mere  perspective  to  show  a  resemblance  to  the  object  which  he 
has  depicted.     Anyone  skilled  in  close  observation  can  too  often 
see  that  the  artist  has  not  understood  the  explanatory  capabilities 
of  the  specimen.    This  leads  to  confusion  and  misunderstanding 
amongst  those  who  are  working  at  this  subject;  and,  in  fact, 
I  have  found  it  impossible  to  get  any  two  authorities  to  agree 
as  to  the  exact  characteristics  of  even  the  normal  human  teeth. 

Anatomically  speaking,  the  descriptions  of  the  human  teeth 
ought  to  tally  with  each  other.  Amongst  the  more  original, 
and  shall  I  say  skilled,  observers,  differences  in  form  are  de- 
scribed that  may  be  familiar  to  other  observers  when  described 
or  illustrated  from  a  fixed  point  of  view.  Mr  Charles  Tomes 
has  formed  one  ideal  type  of  normal  human  teeth,  Mr  Andrew 
Wilson  of  Edinburgh  another,  and  Mr  Humphreys  of  Birming- 
ham a  third.  Mr  Tomes  is  alone  in  showing  illustrations  of  the 
normal  types,  which,  however,  are  not  all  drawn  on  a  definite 
plan,  but  in  positions  which  the  artist  thought  would  suitably 
express  his  idea  of  the  object. 

With  a  view  to  determining  the  most  characteristic  abnormal 
deviations  of  the  crowns  and  roots  of  human  teeth,  I  have  en- 
deavoured to  borrow  from  different  sources  an  anatomical  and 
normal  set  of  human  teeth,  but  I  have  not  been  successful.  It 
would  appear  that  skilled  anatomists  and  dentists  have  not  yet 
agreed  upon  the  characteristics  that  would  determine  anatomical 
stability  of  tooth  form.  I  have  spent  some  time  in  comparin<r, 
classifying,  and  reducing  to  order  a  large  number  of  abnormal 
teeUi.    I  have  not  yet  succeeded  in  obtaining  a  set  of  normal 
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teeth,  from  which  starting-point,  as  it  were,  to  note  the  depar- 
ture into  what  are  accepted  as  abnormal  classes. 

I  have  tried  the  following  method  as  a  means  by  which  a 
number  of  skilled  observers  could  work  on  a  common  basis  of 
accurate  investigation.  A  diagrainniatlc  rather  than  a  verbal 
description  would  seem  to  me  a  more  satisfactory  way  of  con- 
ducting such  an  investigation.  In  order  to  do  this,  we  can 
make  use  of  the  surfaces  of  the  tooth-crown,  which  are  techni- 
cally known  to  dentists  all  over  the  world  as  mesial,  buccal, 
distal,  and  palatine  in  the  maxilla,  and  mesial,  buc43al,  distal, 
and  lingual  in  the  mandible.  By  adopting  this  method,  all 
observers  can  treat  the  tooth-crown  and  its  root  or  roots  as  a 
cube,  so  that  each  side  of  the  geometrical  form  which  I  have 
selected  would  be  understood,  and  the  tooth  form  described  with 
actual  precision  by  making  an  outline  of  it.  The  diagrammatic 
dental  formula  of  each  tooth  would  therefore  run  so : — 


M  8  0 

HUMAN    MOLAR     MAXILLA 

Fig.  1. 


In  order  to  make  the  investigation  useful  to  dentists,  I  would 
figure  the  neck  of  the  tooth  as  the  upper  or  lower  surface  of  a 
tooth  in  the  diagram  as  well  as  the  crown  with  its  cusps. 

By  pursuing  this  line  of  investigation,  I  have  come  across 
many  examples  of  teeih  that  have  not  been  described  or  figured 
in  any  book.  I  have  seen  some  of  these  types  in  museums  in 
(iirt'erent  places ;  but,  so  far,  no  one  appears  to  have  attempted  any 
oinplefce,  or  shall  I  say  comparatively  complete,  classification  of 
such  interesting  parts  of  our  human  frame,  I  shall  show  my 
meaning  more  clearly,  perhaps,  if  I  apply  this  method  of  obser- 
vation to  the  teeth  of  Pithecanthropus  eredus  brought  from 
Java  by  Professor  Dubois  some  years  ago.     Professor  Cunning- 
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ham  brought  me,  some  years  ago,  the  illustration  of  this 
tooth  in  Dr  Dubois'  memoir,  and  asked  me  if  I  knew  of  any 
human  tooth  that  resembled  it.  It  is  not  an  easy  question  to 
answer,  as,  in  my  opinion,  the  tooth  is  inadequately  drawn.  By 
the  diagrammatic  method  I  have  been  able  to  show  many  points 
of  divergence  that  are  not  shown  in  the  illustration  as  it  stands 
in  the  memoir. 

In  the  accompanying  figure  I  have  drawn  the  tooth  forms 

DT  DUBOIS^S    ILLUSTRATION 


RIGHT  WISDOM  TOOTH    MAXILLA 


LEFT   WISDOM  TOOTH     MAXILLA 


M 


B 


M 


Fig.  2. 


simply,  80  as  to  show  how  much  more  clearly  a  diagram  drawn 
by  a  definite  method  will  convey  the  chief  characteristics  of 
any  tooth,  except,  perhaps,  the  incisors  of  the  pachyderms  or 
rodents,  which  in  some  positions  would  have  to  be  drawn  in 
acute  perspective.  I  have  never  had  the  opportunity  of  ex- 
aminiug  the  teeth  of  the  higher  apes  by  this  method.     I  believe, 
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however,  that  it  would  afford  some  remarkable  figures,  and  en- 
able us  to  compare  the  tooth  forms  of  the  primates  more  easily 
and  directly  than  we  have  ever  been  able  to  do.  Thus,  many 
differences  and  variations  would  be  ascertained  by  this  syste- 
matic method  of  observation,  which  it  is  impossible  to  convey  to 
observers,  who  do  not  see  the  specimens,  by  pages  of  verbal  de- 
scription, however  accurate. 


THE  ArEKTURA  I'VRIFOIEMIS.    By  Prof.  Macalistkr. 

Much  has  been  writteu,  both  by  aiiatomiste  and  by  aDthropolo- 
gistfi,  coaceruiag  the  anterior  nasal  orifice ;  but  comparatively 
little  attention  has  been  directed  to  the  relations  of  its  bonycom- 
poDeuts  to  the  adjoining  soft  parts :  yet,  if  we  do  not  take  these 
into  account,  the  study  of  the  skeletal  conformation  is  of  little 
meaning.  The  key  to  the  understanding  of  the  multiform  varia- 
tions of  this  aperture  is  obtained  by  examining  this  region  in  the 
fcetal  head 

The  margin  of  the  aperture  in  the  foetal  head  (fig.  1)  is  divisible 
into  four  r^ons  on  each  side :  above,  there  is  the  part  formed  by 
the  lower  edge  of  the  uasal  bones;  sectjudly.tliereis  thepartcunsli- 


M^ 


Fio.  ]. — a,  Ajicrtors  pjril'urmis  of  TilUI  head,  Tront  view  ;  b,  its  inferior 
margin,  seen  from  aboTe. 

tuted  by  the  sharp  laternl  edge  of  the  maxillarj-  l)order  oftlie 
opening  (tig  1,1);  thirdly,  there  is  at  the  inferior  lateral  angle  of 
the  aperture  an  intermediate  region,  internal  to  which  is  a  fourth 
part,  consisting  of  a  distinct  sharp  ridge,  which,  begiiming  in 
front  at  the  side  of  the  nasal  spine,  is  directed  backwards  and 
outwards  until  it  enters  the  nasal  passage,  and  is  lost  posteriorly 
(in  the  inferior  part  of  the  lateral  wall  of  the  nose  (fig.  1,  6). 

When  the  soft  parts  connected  with  these  bony  margins  are 
diaeected,  it  is  found  that  the  lateral  cartilages  (fig.  2, 1)  are  attached 
to  the  edge  of  the  nasal  bone  and  to  the  trenchant  maxillary  edge 
for  its  npper  third.     This  latter  [wirt  of  the  bfJider  is  weaaiuiially 
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grooved.  To  the  second  third  of  the  border  a  membrane  is 
attached,  anrl  to  the  lower  third  the  hinder  extremity  of  the  de- 
tached quadrate  cartils^s  (fig.  2,  s)  are  fixed  by  means  of  a  fibrous 
lamella,  the  alar  membrane,  which  on  the  one  side  is  connected 
with  the  perichondrium,  and  on  the  other  with  the  periosteum. 
This  membrane  extends  down  below  the  cartilage,  and  is  con- 
tinued into  the  fibro-areolar  tissue  of  the  ala  nasL 


/>f^ 


Fio.  2. — Soft  parts  attached  to  the  margins  of  the  aperture  in  the  adult.  The 
membraneous  area  /  extends  higher  than  it  does  in  the  foetus ;  l.s.Lf  lateral 
septal  ligament ;  /.p.,  ligament  of  the  philtrum  ;  a.L,  ligament  of  the  inner 
crus  of  the  alar  cartilage  (a). 

To  the  fourth  ridge,  which  has  been  called  by  Allen  the 
hasal  marghwd  line,  but  which,  from  its  relations,  would  be  better 
named  the  paras('.pial  line,  a  fibrous  tissue  is  attached,  which  ex- 
tends upwards  and  inwards,  and  is  lost  on  the  lateral  surface  of  the 
septal  cartilage  (fig.  2,  Ls,l.).  This  forms  a  lateral  ligament  for  the 
fixation  of  this  cartilage,  and  covers  the  rudimental  Jacobsonian 
cartilage.  The  third  or  intermediate  area  is  smooth  and  scarcely 
ridged:  it  extends  along  the  outer  side  of  the  paraseptal  line, 
and  internal  to  the  termination  of  the  lateral  margin.  At  this 
region  the  facial  and  the  nasal  areas  respectively,  without  and 
within  the  apertura  pyriformis,  are  continuous,  not  marked  off 
from  each  other  (fig.  1, 6).  On  this  area  there  is  a  mass  of  fairly 
tough  fibro-areolar  tissue,  which  is  connected  on  the  one  side  with 
the  subcutaneous  tissue  of  the  ala  nasi,  and  on  the  other  with  the 
lateral  septal  ligament.  The  paraseptal  ridge  is  lost  posteriorly  on 
a  slightly  convex  eminence,  which  descends  from  the  outer  wall 
of  the  nasal  cavity,  downwards  and  inwards  to  the  front  of  the 
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anterior  palatiue  foramen :  this  eminence  is  holl^.w.  aiiI  cv:::jkiss 
in  it  the  anterior  superior  dental  nerve  and  iis  Acv\^ya::_vir.c 
vessek 

The  soft  parts  in  the  foetns  differ  from  thie^  in  the  aiIuI:  in 
certain  points  of  arrangement:  the  attaelmient  %4  ihe  rural 
lateral  cartilage  is  closer  to  tlie  bone  than  in  ihe  s^itvinien  fr^  m 
which  iig.  2  was  drawn;  and  the  latenil  nieml-rane  f  in  ;:.e 
foetus  is  shorter,  but  much  wider.     In  the  sj^iecimen  drawn  i!;e 

cleft  l>etween  the  septal  and  lateral  parts  of  the  cartiLvce  \  ^\  a: 

its  upper  margin  was  farther  out  than  usual 
The  foetal  nose  is  platyrhine  (fig.  l\  a\  its  principal  eh.inie:er- 

istics  being  the  wide  spread  of  the  inferior  lateral  angidar  n?ves5 

(fig.  3,  h ;  n)  and  the  wide  upper  angle.    The  lower  tn^ire  of  ihe  n.is^il 

bones  is  usually  straight  or  slightly  curved, 

sometimes  making  the  upper  margin  appear 

liraeke^shaped  . — ^ — ..     In  a  few  skulls  the 

lateral  margin  is   prolonged  inwards,  and 

is  lost  on  the  middle  area,  but  so  close  to 

the  septal  ridge  that  the  intermediate  area  *'  * 

IS  reduced  to  a  minimum :    it  is,  however.       aj^ermrm    vyrif. rnis. 

seldom  quite  abolished,  so  that  the  presence       *»:  ^^^^  '^^^  •  ^'  *i'i* 

view. 

of  a  middle  area  may  be  regarded  as  the 
characteristic  mark  of  the  foetal  apertura  pjTiformis. 

The  varieties  of  shape  met  with  in  the  adult  crania  of  dirt'erent 
races  are  chiefly  distinguished  from  each  other  by  the  mode  of 
the  formation  of  the  lower  border,  w^hich  depends  for  its  sha]>e 
on  the  relative  positions  of  the  three  elevations  just  deseril>e<l, 
viz.,  (1)  the  lateral  margin,  (2)  the  ptin?iseptal  line,  and  ('^)  the 
rounded  eminence  which  contains  the  dental  nerve,  and  which 
maybe  called  the  anterior  dented  ridge.  In  many  South  European 
crania,  and  in  most  of  those  of  the  yellow  races,  the  lateral  mar- 
ginal edge  remains  as  in  the  foetus,  and  does  not  meet  with  the 
outward  continuation  of  the  paraseptal  line.  The  persistence  of 
the  intermediate  area  gives  to  the  border  a  rounded,  interrupted 
appearance,  and  the  relations  of  the  soft  parts  are  practically  the 
same  as  in  the  foetua  To  this  form  the  name  amblycraspedote 
may  be  given  (fig.  7). 

In  most  European  crania  the  intermediate  area  is  abolished, 
and  the  post-narial  fibrous  membrane  coutinuous  from  the  lower 
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eud  of  the  lateral  eilge  to  t)ie  paraseptal  line  forms  a  tiuDner 
and  more  deSnite  layer,  into  which  ossification  extends  from  its 
bony  attachment.  The  lower  liorder,  therefore,  appears  as  a 
trenchant  rising  edge,  formed  of  the  confluent  lateral  mai^  and 
paraseptal  line,  which  masks  the  anterior  dental  ridge  (fig.  4>. 
To  this  form  the  name  o^craspedote  may  be  given. 

In  these  crania  the  teelh  are  smaller  and  the  whole  alveolar 
arch  is  shorter ;  so  the  incisor  alveoli  do  not  extend  forwards  to 
th&  same  proportional  distance  as  they  do  in  the  crania  of  the 
other  groups.     The  uasai  septum,  however,  does  not  commensur- 


Flo.  4.  — Oiyoraspedote  fi>rm  ofapertnr*  [lyrifomii*. 

ately  diminish ;  therefore  the  nasal  spine,  which  remains  to 
support  the  lower  and  front  part  of  its  cartili^nous  portion, 
projects  prominently  in  front  of  the  plane  of  the  incisor  alveoli. 
The  paraseptal  line  is,  in  consequence,  for  the  most  part  also  in 
front  of  the  level  of  the  lower  end  of  the  lateral  margin.  In 
consequence  of  the  narrowing  of  the  apertura  pyriformis,  due  to 
the  diminished  size  of  the  maxilla,  these  two  lines  come  in 
contact  at  Ihe  point  when  the  paraseptal  line  enters  the  nasal 
cavity,  and  at  the  i>eriod  of  the  second  dentition  usually  become 
confluent. 

In  the  skulls  of  the  mesodont  and  the  mesognathous  races  the 
anterior  dental  ridge  is  larger,  and  by  its  prominence  it  obscures 
the  paraseptal  line  externally,  giving  to  the  lower  lateral  mai^n 
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of  the  aperture  a  bluat  roimded  appearance,  while  the  lower  end 
of  the  lateral  mai^in  of  the  opening  is  continued  forwards  and 
inwards  on  a  lower  level  on  the  maxilla,  above  the  incisor  alveoli. 
Between  this  line  and  the  prominent  anterior  dental  ridge  there 
is  an  oblique  prenasal  fossa,  scaphoid  in  shape,  covered  in  the 
reffint  state  with  a  fibrous  sub-mucous  tissue,  which  is  continu- 
ous internally  into  the  ligament  of  the  septal  cartilage,  while 
estemally  it  underlies  the  limen  vesiihiiU  or  raai^nal  mucous 
toW,  which  bounds  the  vestibulum  nasi  posteriorly,  and  is  con- 


?1G.  5  —  EMgfterated  example  of  the  bothrocraspedota  form  ofapertara,  from  the 
ikoll  a(  a  Kanaka  Irom  Oshu.  p.n./,,  preoaaal  fossa  ;  p.a.,  parss«[itBl  liue  ; 
fJL ,  anterior  deutal  ridge.    This  form  seems  to  becommoQ  among  I'olyriesiaiis. 

tinuouB  with  the  alar  membrane.  This  form  of  aperture  may  be 
called  botbrocra3pedote.  This  is  an  exaggeration  of  the 
fital  condition,  modified  by  the  inward  extension  of  the  lateral 
mat^n  above  the  incisor  alveoli,  on  a  level  below  the  nasal 
spine. 

In  the  extreme  modification  of  tie  lower  lip  of  the  opening 
met  nith  in  macrodont  and  prognathous  skulls,  notably  in  many 
ADBtialians,  the  lower  edge  of  the  lateral  lip  is  continued  down- 
wards, to  be  lost  on  the  front  of  the  lateral  incisor  alveoIL     In 
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consequence  of  the  obliteration  of  the  inward  continuation  of  this 
line,  the  floor  of  the  uose  is  continued  forwards  without  any  line 
of  demarcation  from  the  anterior  dental  ridge  into  the  facial 
surface  of  the  alveolar  process ;  and  the  lipless  lower  edge  of  the 
pyriform  aperture  appears  as  in  anthropoids  like  a  gutt«r,  mai^ied 
on  each  side  by  the  prominent  canine  alveolL  This  form  may 
}te  called  orygmocraspedote  (fig.  6).  Intermediate  varieties 
between  these  type-forms  are  not  uncommon. 

In  pyriform  apertures  of  all  kinds  the  lateral  maxillary  edge 
is  thin  and  usually  sinuous,  with   a  slight  forward  convexitj' 


FcG.  6.— OryKriiocrBSpiidotc  aperture  io  tlie  akall  o(  a  S.  Australian.  The  cnn- 
ditioii  ia  accoiitusted  an  tlm  left  side  pn  occoant  of  Che  loea  of  the  left  median 
incisor,  which  has  been  removed  in  the  iuiCiatiou  oeremonv  at  puberty. 

below  the  naso-miixillary  suture.  The  most  prominent  part  of 
this  swelling  corresponds  to  the  lower  angle  of  the  attachment  of 
the  lateral  expansion  of  the  septal  cartil^e.  The  angle  made 
by  this  edge  with  the  line  of  the  naso-maxillary  suture  usually 
increases  with  the  increase  of  proportional  length  of  the  nose, 
and  diminishes  with  increase  of  width. 

The  upper  e<lge  of  the  aperture  is  usually  damaged  in  museum 
siwcimena  When  perfect,  the  outline  varies  considerably,  the 
two  extremes  being  (1)  that  in  which  there  is  an  acute  median 
point  formed  by  the  downward  prolongation  of  the  inner  angle 
of  the  contiguous  nasitl  bones ;  external  te  this  there  is  a  deep 
noteh  on  each  side,  outside  which  the  mai^n  slopes  more  or  lese 
irregularly  downwards  and  outwards  to  the  external  angle  at  tJie 
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iower  end  of  the  naso-maxillaiy  sutara    This  ooDdiiion  is  il.e 
commonest  in  the  white  laoes  (as  in  fig.  4V 

(2)  The  second  extreme  is  that  in  which  and^  and  nv»;ch 
have  disappeared,  and  the  lower  border  is  a  straight  or  sli^ily 
concave  transverse  line.  This,  which  is  the  fcetal  con-iiiion,  is 
found  in  many  of  the  black  races  (figs.  5  and  6i  These  varierles 
have  been  carefully  described  by  ilanouvrier. 

The  shape  of  the  aperture  in  the  foetal  and  infantile  skull  is 

somewhat  quadrate,  with  a  wide  flat  lower  and  an  arched  upper 

boundary  (fig.  3).     This  variety,  the  fonna  injuiitUU  of  Min^az- 

ani,  persiBts  in  many  of  the  black  races.     In  the  Euroj:iean  ii  is 

usually  shaped  like  an  elongated  pear  with  a  double  stalk  <  liir. 

4),  the  rising,  nasal  spine  giving  to  the  lower  edge  a  notoht-il 

appearance  which  has  been  compared  to  the  shape  of  a  ht^rt  on 

a  playing  card  {Jorma  aJithropina),     To  the  variety  with  a  pre- 

nasal  fossa  (fig.  5),  the  name  forma  preuamlis  is  given ;  and  Ut 

the  variety  with  tlie  simian  alveolar  gutter  that  of  /Wma  tM.^j- 

alvfulans  (fig.  6).     These  subdivisions  generally  agree  with  thcee 

desca'ibed  by  Broca  and  Topinard,  but  the  names  I  have  suijg^ied 

above  have  the  advante^  over  those  suggested  by  Miugazzini  in 

being  more  definite. 

The  following  variations  are  shown  by  the  nasal  spine.  This 
process  is  the  median  forward  projection  of  the  front  en«l  of 
the  crista  incisiva,  which  receives  in  its  hollowed  upper  surface 
the  anterior  inferior  border  of  the  septal  cartilage.  It  is  a 
constant  element  in  the  himian  face,  and  is  absent  in  anthrcH 
poids  owing  to  the  great  size  of  the  incisor  alveoli,  whose  forwanl 
projection  on  each  side  causes  the  groove  for  the  front  end  of 
the  septal  cartilage  to  appear  as  a  fossa  rather  than  as  a  spine. 
The  spine  is  thus  masked  rather  than  abolished. 

In  most  male  European  skulls  the  spine  is  a  sharp  spur  pro- 
jecting horizontally  forwards  (fig.  4).  From  its  under  surface  a 
median  ridge,  the  median  maxillary  crest,  descends  alung  the 
suture  towards  the  alveolar  point.  To  this  is  attached  a  ligament 
for  the  philtrum  (fig.  2,  l.p.)y  whose  upper  border  is  attached 
to  the  inner  crura  of  the  alar  cartilages  (fig.  2,  a.l).  This 
oxyacanthic  condition  is  usually  present  in  the  infants  of  the 
white  races  at  birth. 
In  the  crania  of  the  yellow  races  the  spine  is  an  angle  at  the 
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junction  of  the  crista  iociBiva  and  the  median  maxillary  crest, 
but  projects  little  beyond  these.  This  conditiou  may  be  called 
lophacanthic  (fig.  7).  In  the  black  races  the  median  crest  is 
feebly  marked,  and  the  nasal  spine  is  partly  masked  by  the 
large  incisive  alveoiL  This  cryptacanthic  condition  is  present 
in  the  skulls  of  some  Australians,  Taamanians,  and  Bushmen 
(fig.  6). 


y 


From  the  coniparison  of  the  mai^ins  of  this  aperture  in  skulls 
showing  these  different  conditions,  it  becomes  manifest  that  the 
oxyacanthic  and  oxycraspeilote  aperture  depends  on  microdontism 
and  orthognathism;  while,  for  the  most  part,  the  cryptacanthic  and 
orj-gmoeraspedote  form  is  correlated  with  the  opposite  conditions 
of  macrodontism  and  prognathism.  The  nasal  cartilages  of  the 
Australian  are  little,  if  any,  lai^r  than  those  of  the  European. 

Note, — I  have  not  referred  in  the  text  to  the  interesting  paper 
by  I'rof.  Havelock  Charles  on  this  subject  (Jmirnal  of  the  Asiafie 
Society  of  BeiujalyHm.  Part  III.  No.  1, 1894),  as  the  author  does 
not  therein  refer  to  the  causation  of  the  varieties  which  he 
describes.  His  cliisaification  into  cordiform  and  rotund  forms — 
the  former  being  sub-divided  into  r^ular,  lyrate.and  irr^ular — 
dots  not  cover  tiie  whole  range  of  forms  met  with  in  the  survey 
of  the  aperture  in  all  the  races  of  mau. 


FUBTHER  OBSEEVATIONS  UPON  THE  FOENIX,  WITH 
SPECIAL  REFERENCE  TO  THE  BRAIN  OF  NYCTO^ 
PHILUS.  By  G.  Eluot  Smith,  M.D.  (Sydney),  St  John's 
College,  Cambridge. 

Thsrs  are  certain  features  in  the  arrangement  of  the  fibres  of 

the  fornix  during  their  course  in  the  cerebral  hemisphere  which 

it  was  impossible  to  discuss  adequately  in  my  contribution  to 

the  last  number  of  this  Jourjud^  without  unduly  increasing 

the  size  of  that  communication.    In  the  consideration  of  the 

peculiarly  simple  arrangement  of  the  cerebral  commissures  and 

fornix  in  a  small  Australian  bat,  Nydophilus  Timoriejisis,  with 

which  the  present  communication  is  mainly  concerned,  it  will 

be  convenient  to  discuss  some  of  the  wider  questions  of  the 

morphology  of  the   fornix  to  which  a  mere  passing  reference 

waa  made  in  the  work  quoted.     The  reasons  for  the  peculiar 

suitability  of  the  brain  of  Nyctophilias  for  this  purpose  have  already 

been  partly  explained,^  and  will,  moreover,  become  apparent  from 

the  present  account. 

The  figure  which  illustrates  this  description  represents  a 
sagittal  section  through  the  forebrain  of  NyctophUus,  passing 
quite  close  to  the  mesial  plane.  This  figure  is  diagrammatic  in- 
asmuch as  certain  obliquely  running  fibres,  only  a  short  part  of 
whose  course  would  be  found  in  a  single  sagittal  section,  are 
represented  lying  in  the  plane  of  this  section.  This  has  been 
done  to  obviate  the  necessity  of  a  series  of  sections  differing 
merely  in  detail. 

For  the  material  used  in  this  investigation  I  am  indebted  to 
the  generosity  of  my  friend  Dr  Robert  Broom. 

The  anterior  pole  of  the  hemisphere  is  formed  by  the  olfactory 

'  "The  Relation  of  the  Fornix  to  the  Margin  of  the  Cerebral  Cortex,"  this 
Journal^  vol.  xxxii.  part  1,  October  1897. 

'  "  The  Oripn  of  the  Corpus  Callosuin  :  a  comparative  study  of  the  liippocarnpal 
region  of  the  cerebram  of  Marsupialia  and  certain  Cheiroptera,"  TransacMons  of 
tkeLmuaH  Society  of  Lwidont  vol.  vii.  i»art  3,  June  1897. 
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bulb,  which  is  capped,  as  usual,  with  a  layer  of  glomeruli  {Gt)  and 
olfactory  nerve  fibres  {F.o).  The  bulb  is  joined  to  the  rest  of 
the  hemisphere  by  means  of  its  peduncle,  whose  mesial  wall 
(P.o)  is  in  direct  continuity  with  that  of  the  cerebral  hemi- 
sphere. 

The  mesial  wall  of  the  hemisphere  is  divided  into  two  sharply 
dififerentiated  areas  by  means  of  a  line  {H")  which  extends  from 
the  olfactory  peduncle  in  front,  backward  and  sUghtly  upward  to 
the  tip  of  the  corpus  callosum  (a). 

In  the  Transactions  of  the  Linnean  Society}  it  was  shown  that 
the  hippocampus  which  fringes  the  margin  of  the  cerebral  hemi- 
sphere posteriorly  reaches  as  far  forward  as  the  splenium  of  the 
corpus  callosum,  to  become  continuous  with  a  band  of  grey  sub- 
stance which  covers  the  upper  surfcwse  of  the  diminutive  dorsal 
commissure  {loc,  cit.,  plate  xvL  fig.  17,  hip).  It  was  then  shown 
that  this  grey  supra-commissural  band  was  the  vestige  of  part 
of  a  more  extensive  hippocampal  arc,  but  that,  whereas  in  the 
most  caudal  part  of  its  supra-commissural  course  it  still  main- 
tained the  distinctive  features  (vide  this  Journal,  loc,  dt.,  fig.  19, 
page  46)  of  a  hippocampus,  it  became  reduced  anteriorly  to  an 
extremely  insignificant  group  of  cells  (compare  Trans.  Lin.  Soc, 
loc.  cit.,  plate  xvi.  fig.  16),  which  were  only  with  ditBculty  recog- 
nisable as  hippocampal  remains.  These  hippocampal  remains 
are  not  confined  to  the  supra-callosal  region  of  the  hemisphere, 
but  extend  forward  (along  the  line  H")  as  far  as  the  pedunctdics 
olfactorius.  In  this  pre-commissural  part  of  its  course  the  hippo- 
campal vestige  consists  of  a  fairly  well  defined  column  of  small 
cells  lying  very  close  to  the  surface  along  the  ventral  margin  of 
the  true  cortex.  In  other  words,  the  typical  cortex  or  pallium  {Pa) 
is  placed  upon  the  dorsal  side  of  the  hippocampal  vestige  {H"\ 
And  as  the  section  represented  in  the  figure  is  very  close  to  the 
mesial  plane,  the  superficial  layer  of  the  cortex,  which  is  free 
from  any  collection  of  nerve  fibres,  comes  into  the  plane  of  the 
section.  But  in  the  superficial  layer  of  the  infra-hippocampal 
region  of  the  mesial  wall,  which  is  formed  mainly  ot  pre-coinmis- 
sural  body  {F  F\  we  find  a  very  abundant  arrangement  of  nerve 
fibres  belonging  to  the  fornix  system.  The  two  cerebral  hemi- 
spheres are  bound  together  as  usual  by  the  lamina  terminalis, 

*  Loc.  cit. 
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containing    two   sets  of    commissural   fibres,  a  dorsal  and  a 
ventral. 

The  dorsal  commissure  (C  W)  presents  a  peculiar  inverted 
V-shaped    appearance    when    viewed    in    sagittal   section    in 
Xyet&phUus.    The  posterior  limb  (  W)  is  approximately  vertical, 
and  at  its  upper  and  thicker  extremity  (spleuium)   meets  the 
anterior  limb  (C),  which  slopes  forward  and  sHghtly  downward, 
and  at  the  same  time  tapers  to  a  pointed  anterior  extremity. 
The  two  limbs  of  this  commissure  are  widely  separated,  the 
postero-superior  part  of  the  pre-commissurcU  body  {F)  filling  up 
the  interval  between  them.     The  whole  of  the  vertical  posterior 
limb  ( W)^  as  well  as  the  greater  part  of  the  splenium,  is  com- 
posed of  fibres,  which  are  brought  in  the  fornix  from  the  hippo- 
campus of  one  or  the  other  hemisphere,  to  cross  in  this  situation 
to  the  fornix  of  the  opposite  hemisphere.     It  is  therefore  the 
hippoeampal  or  fornix  commissure — the  paalterium  of  human 
anatomy.    The  majority  of  the  fibres  of  the  anterior  limb  of 
the  dorsal  commissure  ((7)  are  derived  from  the  general  cortex 
(Pa),  and  constitute,  therefore,  the  corpus  callosum  proper. 

In  the  contribution  to  the  last  number  of  this  Jonrn^ii  {loc. 
cii.)  it  was  pointed  out  that  when  the  corpus  callosum  (C) 
increases  in  size  and  elongates,  the  main  mass  of  the  hippoeampal 
conuniissure  maintains  its  original  position  unchanged.  At  the 
same  time,  a  series  of  commissural  fibres  of  the  fornix  become 
spread  out  between  the  upper  extremity  of  the  main  mass  of 
the  hippoeampal  commissure  and  the  splenium  or  posterior 
extremity  of  the  corpus  callosum.  In  the  case  of  animals  like 
the  rabbit  (Koelliker)  and  hedgehog  (this  J&anud,  p.  45),  in 
which  a  definite  *  infra-splenial  hippoeampal  flexure '  exists, 
these  two  regions  of  the  hippoeampal  commissure  may  always 
be  distinguished.  In  the  case  of  such  animals  it  has  been 
costomary,  since  the  work  of  Guddeu  and  Gauaer,  to  call  the 
main  mass  of  the  hippoeampal  commissure  (this  Journal,  p.  41, 
tig.  10 ;  p.  45,  fig.  17,  W)  the  psalteriuvi  ventraley  and  the  upper 
extended  and  attenuated  part  of  the  same  commissure  ( IP)  the 
imltenifm  dorscUe.  The  qualifying  terms '  dorsale  *  and  '  rentmle ' 
refer  to  the  region  of  the  alveus  coating  the  tip  of  the  hippo- 
eampal flexure,  from  which  the  commissures  appear  to  spring 
(rw/«p.  44,  fig.  15,  h  and  w :  the psalterm in  dorsrdr  is  not  labelled, 


-^JJ". 
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but  IS  immediately  below  £7),  rather  than  to  the  absolute  posi- 
tioDS  of  the  commissure  when  seen  in  profile.  ' 

In  NydophUm  the  corpus  callosum  {C)  is  such  an  insignifi- 
cant structure  tfiat  it  has  produced  little  or  no  effect  upon  the 
hippocampal  commissure  {W).  Hence  there  is  no  distinction 
between  its  upper  (psalitrium  dorsale)  and  lower  fibres  (jpm/- 
Urmoi  venirale). 

The  ventral  or  inferior  commissure  (  V)  appears  to  consist  (in 
spedmens  treated  with  some  medullary  stain)  of  two  distinctly 
separated  bundles  of  fibres.  The  pars  olfadaria  appears  to  lie 
some  distance  below  and  slightly  in  front  of  the  rest  of  the  com- 
missure. But  tUs  separation  is  more  apparent  than  real,  for 
the  interval  seems  to  contain  a  number  of  fibres  which  are  un- 
affected by  the  medullary  stain. 

In  passing,  we  may  note  the  relationship  of  the  roof  of  the 
iorebrain  (tela  choroidea,  E)  to  the  dorsal  commissure.  This  is 
of  considerable  interest  to  the  comparative  anatomist  who 
concerns  himself  with  the  reptilian  and  amphibian  brain, 
but  the  importance  of  which  has  been  greatly  exi^gerated  by 
a  onUjr  class  of  writers.  In  monotremes,  as  well  as  in  most 
sub-mammalian  brains,  the  epithelial  roof  of  the  forebrain  ex- 
tends forward  oAove  the  dorsal  commissure,  to  be  attached  to 
yie  anterior  comer  of  the  thickened  upper  extremity  of  the 
lamina  terminalis,  which  serves  as  a  matrix  for  the  dorsal 
commissure.  In  this  way  a  small  recess  of  the  median  ventrio- 
nlar  cavity  is  produced  upon  the  dorsal  aspect  of  the  dorsal 
oommissure.  Many  writers  have  seized  upon  this  simple  fact, 
and  spoken  of  the  dorsal  commissure  as  '  infra-ventricular,'  as  a 
'commissure  of  the  floor,'  in  contradistinction  to  the  'corpus 
eallosom,'  which  they  speak  of  as  'supra-ventricular,'  or  a 
'commissure  of  the  roof.'  In  doing  so  they  grossly  exaggerate 
the  importance  of  a  very  simple  fact,  and  base  their  argument 
upon  a  most  fallacious  footing.  The  choroid  plexus  of  the 
lateral  ventricle  in  NyctophUus  establishes  a  peripheral  attach- 
ment to  the  ridge  formed  by  the  fimbria  in  the  whole  extent  of 
the  latter  structure.  When  the  fimbria  reaches  the  lamina 
terminalis  anteriorly,  the  epithelial  choroidal  fold  of  each 
hemisphere  becomes  mesially  continuous  with  the  tda  choroidea,. 
which  ends  anteriorly  by  joining  the  dorsal  extremity  of  the 
TOL  XXXII,  (n.s.  vol.  xn.)  Q 
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lamina  terminalis.  The  situation  of  the  dorsal  extremity  of 
the  lamina  terminalis  is  indicated  (vide  figure)  by  a  small 
nodule  of  grey  matter  placed  upon  the  caudal  aspect  of  the 
hippocampal  commissure.  (See  also  this  Journal,  loc.  cU.,  figs. 
10  and  23,  in  which  B  is  the  tela  choroidea,  and  W  the  hippo- 
campal commissure.)  This  nodule  appears  to  be  identical  with 
the  structure  of  which  Burt  Wilder  speaks  somewhat  Taguely 
as  the  *  cridaforincis'  (*•  Neural  terms,"  Journal  of  Comparalive 
Neurology,  voL  vi.,  and  elsewhere).  In  most  mammals  the 
raiiiing  of  the  corpus  callosum  and  the  upper  part  of  the  hippo- 
campal commissure  in  the  course  of  development  (this  Journal, 
loc.  cit,,  p.  41)  raises  part  of  the  lamina  terminalis  (i.e.,  the 
matrix  of  these  commissures)  far  above  the  level  of  the 
original  upper  extremity  of  the  terminal  lamina  But  the  situa- 
tion of  this  original  upper  extremity  is  indicated  in  such  cases 
by  the  place  of  attachment  of  the  membranous  rodE  to  the  matrix 
of  the  main  mass  of  the  hippocampal  commissure  (vide  figure). 

The  Fornix  in  NydopMlus. 

The  vast  majority  of  the  fibres  of  the  cohmina  fornicis — the 
post-commissural  fasciculus  of  the  fornix  Umgus  of  Forel — are 
brought  up  to  the  pre-commissu/ral  body  or  septum  pdluddum  (F) 
OS  one  of  the  series  of  constituents  of  the  fimbria.  And  in 
a  sagittal  section  they  may  be  seen  entering  the  corpus  prce^ 
commissurale  immediately  in  front  of  the  hippocampal  com- 
missure ( JV),  whose  fibres  are  likewise  conducted  forward  from 
the  hippocampus  in  the  fimbria.  The  fibres  of  the  former  arch 
downward  and  then  backward  in  the  septum,  converging  to  form 
a  compact  strand,  which  extends  behind  the  anterior  commissure 
( F)  to  enter  the  optic  thalamus  (cf).  This  group  of  fibres  of 
the  eoluviTia  fornicis,  which  make  their  appearance  in  the  septum 
immediately  in  front  of  the  psalterivm  (  W),  is  not  disturbed  in 
any  way  by  the  development  of  the  corpus  callosum,  and  main- 
tains an  exactly  similar  course  in  brains  such  as  those  of  mono- 
tremata  and  marsupialia  which  lack  a  true  corpus  callosum,  and 
in  other  mammalian  brains  in  which  this  commissural  band  is 
highly  developed  (compare  figs.  6,  7,  and  23  this  Journal,  loc 
cit,,  vol.  xxxii. ;  also  fig.  3  this  Journal,^  vol.  xxxi.). 

^  ''The  Fornix  Superior:' 
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But  a  not  inconsiderable  nnmber  of  fibres  of  the  eolumna 
fomieis  come  from  the  strue  Laneisii  (Ly  These  fibres  reach 
the  pre-eommissural  body  either  by  perforating  the  corpus  cal- 
loBom  (C)  or  by  passing  around  its  anterior  extremity,  and  then 
extend  downward  and  backward  to  associate  themselves  with 
their  serial  homologues  above  the  anterior  conunissare.  It  is 
obvious  that  this  group  of  fibres  will  be  considerably  affected  by 
the  development  and  increase  in  size  of  the  corpus  callosum, 
whose  fibres,  like  so  many  strings  between  the  two  hemispheres, 
will  deflect  from  their  course  the  longitudinally  running  fibres 
of  the  fornix  as  the  corpus  callosum  becomes  raised  and  longi- 
tudinally extended.  Moreover,  the  atrophy  of  the  dorsal  part  of 
the  hippocampal  arc  consequent  upon  the  development  of  the 
corpus  callosum  f  lurther  affects  this  group  of  fibres  by  reducing 
their  number. 

In  this  way  the  fibres  of  the  columna  fornicis  separate 
themselves  into  two  natural  groups,  a  ventral  and  a  dorsal. 
The  ventral  group,  whose  volume  and  course  are  undisturbed 
by  the  transformation  of  the  great  dorsal  commissure,  in- 
cludes in  most  mammals  the  great  majority  of  the  fibres 
of  the  fomix-column,  because  the  dorsal  group  becomes  so 
extensively  reduced.  The  dorsal  group  is  distinguished  by 
the  fact  that  the  course  of  its  fibres  becomes  deflected  by 
the  corpus  callosum,  and  that  they  are  comparatively  few  in 
number. 

In  Nydc^hilus  the  course  of  the  fibres  of  the  dorsal  group  is 
affected  only  to  a  very  slight  degree,  because  the  corpus  callosum 
is  so  rudimentary,  but  there  is  a  marked  diminution  in  the 
number  of  its  fibres,  because  the  dorsal  limb  of  the  hippocampus 
is  degenerate.^ 

The  fasineidus  prce-commissuraliSy  or  '  pre-commissural  fibres ' 
of  Huxley,  demands  no  further  description,  since  it  exactly  con- 
forms to  the  description  given  in  the  last  number  of  this  Journal. 
like  the  columjui  fornicis,  it  may  be  divided  into  a  ventral  group 
of  fibres  which  make  their  appearance  in  the  septum  immediately 
in  front  of  the  main  mass  of  the  hippocampal  commissure  ( W), 
and  a  less  abundant  dorsal  group  of  fibres  which  come  from  the 

^  In  this  Journal,  vol.  xzid.,  loe.  cU.,  the  erroneous  statement  was  made  that 
the  dorsal  limb  of  the  bippocampas  was  not  degenerate, — p.  85. 


238  DR  G.   ELLIOT  SMITH. 

strioR  Lancmiy  passing  either  in  front  of  (a)  or  through  the 
corpus  callosum. 

In  scigittal  sectionB  which  pass  close  to  the  mesial  plane  in  the 
brain  of  NydophUus,  a  very  distinct  and  compact  strand  of  nerve 
fibres  (£)  may  be  noticed  pursuing  an  antero-posterior  course 
(i.e.,  in  the  plane  of  the  section)  on  the  upper  surface  of  the 
corpus  callosum.  These  are  the  fibres  of  the  strioR  Zandsii,  and 
constitute  the  fimbria  or  fornix  of  the  swprorCommissuTal  hippo- 
camped  vestige.  The  hippocampal  vestiges  lying  upon  the  dorsal 
surface  of  the  corpus  callosum  are  joined  to  one  another  by  a 
mesial  film  of  grey  matter — ivdudum  verum  (this  JourTud^  fiig.  19, 
p.  46,  ^),  the  whole  lamina  of  grey  matter  constituting  the  t»- 
dusium,  as  that  term  is  generally  understood. 

It  will  obviate  a  considerable  amount  of  confusion  if  the  term 
'  strice  Lancisii*  be  restricted  to  the  nerve  fibres  which  are 
situated  in  the  indtbsium,  rather  than  to  the  complex  of  fibres 
and  grey  matter,  as  is  so  often  done.  In  this  sense,  it  may  also 
be  used  to  include  not  only  the  mesial  striae  strictu,  but  also  the 
lateral  striae  (taeniae  tectae).  In  other  words,  the  term  'strioe 
Lancisii  *  may  most  conveniently  be  interpreted  as  the  whole 
system  of  fibres  {i.e,y  the  fornix)  of -the  vestigial  hippocampus. 

In  the  brain  of  Nyctophilus  it  is  possible,  so  diminutive  is  its 
size,  to  trace  readily  the  constituent  fibres  of  the  striae  Lancmi 
throughout  not  only  the  whole  length  of  their  supra-callosal 
course,  but  even  further. 

Thus,  if  the  fasciculus  be  traced  forward,  its  constituent  fibres 
will  be  found  to  diverge  widely  as  they  descend  (a)  in  front  of 
the  corpus  callosum.  A  considerable  number  of  fibres  of  this 
diverging  brush  may  readily  be  followed  in  their  vertical  course 
to  associate  themselves  with  the  other  fibres  of  the  fasciculus 
prce-commissiMralis  (6).  Others,  again,  may  be  as  readily  followed 
in  the  whole  of  their  oblique  course  backward  and  downward  to 
enter  into  the  constitution  of  the  columna  fomicis  (cf).  A 
continuous  film  of  fibres  which  occupy  what  we  may  call  the 
'septal  region'  (P')  stream  from  the  strice  Zandsii  downward 
through  the  corpus  callosum,  to  reach  the  same  destinations  bb 
those  which  surround  the  anterior  pole  of  the  corpus  callosum. 
But  these  are  not  the  only  constituents  of  the  strim  LaTuAsii, 

For  if  we  examine  the  brush  of  nerve  filaments  which  lie  in 
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front  of  the  corpus  calloeum  (a),  it  will  be  found  that  in  addition 
to  the  two  sets,  of  fibres  which  have  just  been  mentioned,  there 
is  a  group  of  very  delicate  meduUated  nerve  fibres,  which  extend 
forward  in  (or  at  the  lower  margin  of)  the  pre-commissural 
vestige  of  the  hippocampal  arc  {H'y  These  delicate  fibres  mar 
be  traced  as  far  forward  as  the  olfactory  peduncle,  but  it  is  not 
possible  to  state  definitely  their  anterior  attachments.  Thej 
undoubtedly  correspond  to  the  well-deTcloped  bundle  of  fibres 
to  which  I  have  directed  attention  in  the  brain  of  monotremes 
and  marsupials  as  the  fasdcultts  marginal  is.  Other  fibres  of  a 
similar  character  proceed  backjeard  below  the  corpus  callosum. 
In  the  strice  Zancisii  these  three  sets  of  fibres — -/asrvrtu^ijf 
marginalis,fa»eiculicspr(K-€0inmis8uraIis,  and  atiumna/orn'^ii — 
are  collected  into  a  compact  strand  {Ly  If  this  strand  be  traced 
backward  many  of  its  fibres  will  be  found  to  extend  into  the 
stratum  Tnoleeulare  of  the  fascia  dentata  (/>),  f^[ipareutly  to  end 
there.  Others  extend  into  the  alvens  of  the  hippocampus,  which 
is  in  direct  continuity  with  the  deeper  or  fibre  layer  of  the 
indusiunL 

Arguing  from  our  knowledge  of  the  arrangement  of  the  three 
aeries  of  constituent  elements  in  Omitkorkyfichm  (this  Joumaly 
it  seems  justifiable  to  infer  that  the  fibres  of  the  dries  Lanri^ii 
which  proceed  backward  into  the  superficial  layer  of  the  fascia 
dentata  belong  to  \iie  fcLsdculus  marginaJis,  whereas  those  fibres 
which  may  be  traced  into  the  alveus  of  the  post-commissural 
hippocampus  belong  to  the  fasciculus  pre-ccrmmissuralU  and 
columna  fomids. 

In  all  the  brains  which  I  have  examined,  including  those  of 
the  hedgehog,  cat,  and  man,  fine  meduUated  nerve  fibres  may  be 
traced  from  the  posterior  extremity  of  the  strire  Lanci^ii,  more 
especially  from  the  mesial  striae,  into  the  molecular  layer  of  the 
taperii^  dorsal  extremity  of  the  fascia  dentata.  In  these  sauie 
animals  it  is  possible  to  trace  fibres  from  the  anterior  extremity 
of  the  stria  Zancisii  around  the  genu  corporis  callosi  through  the 
gyrus  subcaUosus  (pre-commissurai  body)  to  the  neighbourhood  of 
the  olfactory  peduncle. 

In  the  last  number  of  this  J&urnal  we  saw  the  ffjAcx/r^dus 
nuirginalis  pursuing  its  oblique  course  upward  and  backward 
iounediately  at  the  ventral  margin  of  the  fascia  dentata  (Joe.  cU,, 
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figs.  5  aiid  6,  5).  In  the  cerebral  hemisphere  of  most  mammals 
a  small  longitudinal  trcu^t  of  fibres  may  be  recognised  at  the 
margin  of  the  fascia  dentata>  and  forming  a  constituent  of  the 
fimbria,  or,  more  commonly,  the  extra-ventricular  alveus. 

With  the  knowledge  that  in  Ornithorhynehus  an  unbroken 
series  of  fibres  may  be  traced  from  the  mesial  surface  of  the 
olfactory  peduncle  into  the  molecular  layer  of  the  fascia  dentata, 
and  that  the  corpus  callosum  makes  its  appearance  upon  the 
ventral  side  of  this  marginal  bundle,  it  seems  justifiable  to  infer, 
from  the  scattered  data  which  have  just  been  enumerated,  that 
ek  fasdculit^s  marffinalis  is  present^  in  the  brains  of  NydophiliASy 
Erinaceus,  Fdis,  and  Homo. 

It  is  in  the  highest  degree  probable  that  this  series  of  fibres 
constitutes  one  of  the  paths  by  which  olfactory  impulses  may 
reach  the  fascia  dentata  and  hippocampus.  Yet  it  seems  prob* 
able  that  there  must  be  other  and  much  more  abundant  fibre- 
systems  in  this  same  preK^ommissural  region,  serving  as  a  bond 
between  the  olfactory  apparatus  and  the  hippocampus. 

For  many  years  anatomists  have  been  convinced  that  some 
intimate  connection  exists  between  the  olfactory  bulb  and  the 
hippocampal  formation,  but  we  are  still  in  the  dark  regarding 
the  exact  nature  of  the  anatomical  bond.  The  much  quoted 
observations  of  Zuckerkandl  cannot  be  regarded  as  a  final 
solution  of  this  problem.  But  there  are  many  facts  which  the 
comparative  study  of  this  subject  brings  to  light,  which,  it 
they  do  not  supply  the  necessary  direct  evidence,  are  highly 
suggestive  of  the  probable  solution  of  the  problem. 

We  have  already  seen  that  in  the  Moiwtremata  a  highly 
developed  hippocampal  formation  is  found  in  the  situation  which 
corresponds  to  that  occupied  by  the  supra-commissural  (Z) 
and  pre-commissural  vestiges  {H  )  in  Nydophilus,  In  reptiles, 
the  homologue  of  these  parts  of  the  hippocampus  forms  the 
whole  of  the  mesial  wall  (corresponding  to  the  situation  of  the 
pallium  (Pa)  in  Nydophilus)  which  lies  above  the  pre-commissural 
body,  and  even  extends  on  to  the  dorsal  aspect  of  the  brain. 
As  the  hemisphere  of  reptiles  has  only  a  very  alight  caudal 
extension,  it  follows  that  the  great  bulk  of  the  hippocampus 
lies  either  above  or  in  front  of  the  commissures.  In  the 
amphibia  the  rudimentary  hippocampus  occupies  even  a  more 
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completely  forward  positioiL    We  have  therefore  some  justifi- 
cation for  concluding  that  the  primitive  and  essential  position 
of  the  hippocampus  is  in  the  mesial  wall  of  the  hemisphere,  in 
direct  continuity  with  the  mesial  wall  of  the  olfactory  peduncle 
and  bulb.    In  view  of  this  fact,  it  is  in  the  highest  degree  prob- 
able that  the  anatomical  link  between  hippocampus  and  olfac- 
tory bulb  wUl  be  found  in  the  fibres  of  the  pre-eommismral  hody. 
If  we  examine  the  supra-commissural  structures  in  a  coronal 
section,  we  shall  find  that  the  strioe  Zancisii  have  no  definite 
lat-eral  border.    The  transverse  sections  of  its  fibres  are  in  un- 
broken series  with  longitudinal  fibres  which  are  placed  in  the 
medullary  matter  of  the  adjacent  general  cortex,  and  which  it  is 
customary  to  distinguish  as  the  dngulum.    The  exact  relation- 
ship between  these  two  series  of  fibres  has  been  represented 
schematically  in  another  place.^    The  distinction  between  the 
two  series  of  fibres  is  that  the  dngulum,  is  a  derivative  of  the 
pallium,  whereas  the  strixB  Landsii  belong  to  the  hippocampal 
vestige.    But  at  the  lateral  border  of  the  indvsium,  where  the 
two  series  of  fibres  intermingle,  it  is  not  easy  to  decide  to  which 
group  any  given  fibre  belongs.     Koelliker,  in  all  his  recent  obser- 
vations upon  the  fornix  superior,  attributes  a  pallial  origin  (i.e., 
from  the  gyrus  fornicatus)  to  some  of  its  fibre&    I  have  carefully 
examined  numerous  sections  of  various  brains  in  search  of  defi- 
nite evidence  upon  this  point,  because,  as  I  have  pointed  out  on 
several  occasions,  comparative  data  do  not  favour  the  idea  of  a 
p^Uial  origin;  but  in  no  case  have  I  been  able  to  trace  any 
fibres  of  the  fornix  superior  into  any  other  supra-callo»al  region 
than  that  of  the  ind^isium  gfiseum,  which  we  know  to  be  a 
purely  hippocampal  formation. 

The  important  contributions  to  the  literature  of  the  fornix 
which  have  emanated  from  von  Koelliker  during  the  last  three 
years  have  cleai-ed  the  way  for  further  investigations  upon  the 
subject  As  a  critical  review  of  past  work,  and  as  a  minute  and 
exhaustive  study  of  the  nature  of  the  fornix  in  the  rabbit,  cat, 
and  man,  these  classical  memoirs  must  form  the  foundation  uprm 
which  all  further  additions  to  our  knowledge  of  this  subject  will 
be  built  up. 

^  "The  Morphology  of  the  Indusium  andStrias  Lancisii,"  Anal.  Am.,  xiii.  Bi., 
Noa.  1  and  2. 


242  DR  G.   ELLIOT  SMITH. 

In  thia  discussion  I  propose  to  examine  briefly,  in  the  light 
of  comparative  data,  the  conclusions  at  which  Koelliker  arrived 
from  the  study  of  these  three  highly  specialised  types. 

According  to  Koelliker  {ffandbiich  der  Oewebdehre  des  Men- 
schen,  Bd.  ii.,  Zweiter  Halfte,  1896,  p.  774),  the  fornix  consists  of 
a  fibre-mass,  which  appears  to  be  the  continuation  of  ihe  fimbria 
or  limbus  com/w  Ammonis,    He  further  describes  this  complex  of 
fibres  as  consisting  of  two  parts — the/ortiia;  hngus  of  Forel  (to 
which  he  gives  the  alternative  name  fornix  superior),  and  the 
rest  of  the  fornix,  which  he  distinguishes  as  the  fornix  inferior. 
He  further  points  out  that  the  latter  corresponds  to  the  whole  oi 
what  has  hitherto  been  called  *  fornix '  simply,  and  is  nothing  else 
than  the  fiinlnia  or  limbus  comu  Ammonis.     If  this  nomenclature 
be  adopted,  the  terms  fornix  superior  and  fornix  inferior  will  be 
applied  to  what  are  in  the  main  merely  dififerent  parts — "  septal  " 
and  "  post-septal  '*  respectively — of  one  and  the  same  fibre-mass. 
The  object  of    such    a    nomenclature  is  not  very  apparent. 
Especially   is  this  the  case  in  regard  to  the    term  'fornix 
inferior*  seeing  that,  as  its  author  has  pointed  out,  we  already 
have  two  synonymous  terms  in  'fimbria '  and  '  limbus.' 

Some  time  ago  I  ventured  to  suggest  a  more  exact  definition 
and  a  more  limited  application  of  the  term  'fornix  superior'  than 
its  author  had  suggested  {'fornix  superior,'  this  Journal,  vol.  xxxi., 
October  1896).  As  Koelliker  applied  this  term,  ie.,  as  synony- 
mous with  his  interpretation  of  thefomix  langus,  it  was  difficult  to 
understand  his  limitations  of  it  (*  Veher  den  fornix  longus,  etc ,  etc,' 
Vierteljahrsschrift  der  Naturforschenden  Gesellschaft  in  Zurich, 
xli.,  1896,  Jubelband).  For  while  he  uses  the  term  in  many 
places  as  a  synonym  for  the  septal  part  of  the  columna  fornicis, 
yet  at  other  times  he  speaks  of  it  as  including  all  the  fimr 
perforaydes.  Now,  many  of  these  fibres  are  constituents  of  the  pre- 
commissural bundle,  which  he  excludes  from  \)Sa  fornix  superior. 

In  1896  {loc.  dt,)  I  suggested  the  use  of  the  for/iix  long^is  iu 
what  seemed  to  be  the  original  sense  of  Forel,  i,e,,  as  ail  the 
longitudinal  uncrossed  fibres  of  the  fornix  system.  The  term 
fornix  superior  was  applied  in  the  same  communication  to  all 
those  fibres  of  the  foraix  longvs,  which  do  not  enter  the  septum 
along  with  those  commissural  fibres  which  form  the  main  mass 
of  the  psalterium. 
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*  This  definition  oorrespouds  to  what  I  hsye  in  the  present 
communication  (supra)  spoken  of  as  the  dorsal  group  of  fibres  of 
the  eolumna  fomieis  and  fasoicultis  prcp-e(ynimi88urali^  In  order 
not  further  to  prejudice  Koelliker's  t^m  *  fornix  mperior*  I 
propose  to  use  the  designation  ^fornix  dorscUis'  for  all  those 
uncrossed  fibres  of  the  fornix  whose  arrangement  is  disturbed  by 
the  development  of  a  corpus  callosum,  and  whidi  arise  from  or 
end  in  the  dorsal  limb  of  the  hippoeampal  arc. 

The  fornix  dorsalis  thus  includes  the  strUe  Landsii  and  all  the 
fibies  connected  with  these  stricBy  as  well  as  the  uncrossed  fibres 
which  arise  from  the  subsplenial  hippoeampal  flexure. 

The  term  *  fornix  veniralia'  might  then  be  appropriately 
applied  to  all  the  other  uncrossed  fibres  of  the  fornix,  i.e.,  those 
undisturbed  by  the  developing  corpus  callosum. 

The  term  'fornix  MiqwuBl  which  Honegger  and  Koelliker 
apply  to  certain  fibres  of  the  pre-commissural  bundle  which 
spring  from  the  hippoeampal  flexure,  is  of  doubtful  significance 
and  no  obvious  value,  and  might  well  be  discarded. 
The  fornix,  then,  might  be  divided  up  in  this  manner : — 

{fornix  transvergic$  (psalterium), 
-      .    ,  { fornix  ventralis. 

(fasciculus  post-commissuraiis  (eolumna 
fornix  ventralis  <         fomids). 

f  fasciculus  prce-commissuralis. 

{fasciculus  post-commissu/ralis, 
fasciculus  prcB-commissuralis, 
fasciculus  marginalis. 

The  belief  in  an  origin  of  the  fornix  longus  from  the  gyrus 
fomicatus  has  led  to  a  peculiar,  and  I  believe  fallacious,  train 
of  argoment  concerning  the  morphology  of  the  mesial  wall  of 
'the  hemisphere  in  mammals,  which  has  resulted  iu  a  complete 
misconception  of  the  fundamental  disposition  of  the  cerebral 
cortex  in  all  other  vertebrates. 

In  1894  Koelliker  first  gave  his  support  to  the  view  that  the 
foTMx  hngus  bad  an  origin  from  the  gyrus  fomicatus  ('  ZTeher 
(fen   Fornix   longus   von    Fordl    etc.,    Verhandl.    d.    ana  torn. 

^  In  thifl  aystem  of  nomenclature  the  fornix  verUralis  represents  the  group  of 
nncrosed  fibres  corresponding  to  the  psalteHum  ventrale,  while  the  psalterium 
donak  woald  inclade  the  crossing  fihres  correspondiug  to  the  fornix  dorscUis, 
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Gesellsch.  in  Strassburg,  May  1894).  In  reviewing  this  work 
shortly  afterward,  Edinger  uses  the  term  '  Baiyitvindung '  to 
express  the  idea  of  the  gyrus  fornicatus,  in  spite  of  the  fact  that 
this  term  as  well  as  the  name  'gyrus  limhicusl  which  he  sub- 
sequently uses  as  a  synonym,  have  both  been  used  in  quite 
a  different  sense  (Edinger,  '  Leistungen  auf  dem  Gebiete  der 
Anatomie  de  CentralnervensystemSy  Schmidt's  Jahrbiicher,  Bd. 
ccxlvi.).  For  both  of  these  terms  have  been  applied  to  tiie 
indudum  griseum  (Schafer,  Quuin's  Anatomy,  vol.  iiL  part  i, 
1893,  p.  159). 

In  1896  Edinger  speaks  of  the  gyrus  limbietis  in  mammals  as 
the  frontal  continuation  of  the  '  Ammousnnde,'  i.e.^  hippo- 
campus, "welche  nicht  mehr  engeroUt  ist  uud  liber  dem 
Ventrikel  liegt."  He  further  adds,  "Ich  halte  es  fiir  wahr- 
scheinlich,  dass  in  dem  Biudengebiete,  welches  bei  den  Beptilien 
als  Ammonsrinde  bezeichnete  wurde,  die  Elemeute  des  Gyrus 
limbicus  urid  der  Ammonsrinde  gegeben  sind"  {Unters.  ub.  d. 
vergl.  AncU.  d.  Gehims  Hi,  Senckenberg.  Abhandl.  1896). 

Thus,  while  Edinger  undoubtedly  uses  the  terms  'Sand- 
vnndung '  and  'gyrus  limbicus '  in  the  unusual  sense  as  synonyms 
for  the  anterior  part  of  the  gyrus  fomicatus,  yet  at  the  same 
time  he  speaks  of  this  structure  as  the  forward  continuation  of 
the  hippocampus,  as  though  the  latter  were  identical  with  the 
pallial  area  generally  but  confusedly  known  as  the  *hippo- 
campal  gyrus.'  The  first  quotation  is  so  vaguely  expressed  that 
one  might  easily  believe  the  author  to  be  using  the  term 
'  Randwindung*  in  its  more  usual  sense  as  the  indusium  (Zucker- 
kandl's  gyrvs  supra-callosus),  in  which  case  the  statement  would 
be  quite  intelligible.  But  this  interpretation  the  author  never 
intended,  for  in  his  Vorleswngen  (1896)  bespeaks  of  the  indusium 
(sti'ioB  longitudinales  Landsii)  as  the  forward  continuation  of 
what  he  somewhat  rashly  speaks  of  as  the  ''  schon  im  Ammous- 
home  atrophischen  Windung,  des  Gyrus  dentatus." 

We  begin  to  gain  some  idea  of  the  meaning  of  these  extra- 
ordinary statements  when  the  writer,  in  speaking  of  the  fornix 
longus,  defines  it  (  Vorlesungen,  p.  210)  as  those  fibres  *'  welcher 
aus  demjeuigen  Theile  der  Eandwindung,  welcher  nicht  zum 
Ammonshorne  sich  einroUte,  aus  dem  Gyrus  limbicus."  The 
idea  expressed  in  this  statement  seems  to  be  the  harmonising 
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of  the  morphology  of  the  cortex  with  the  supposed  grouping  of 
the  fibres  derived  from  it.  lu  other  words,  because  the  fornix 
springs  posteriorly  from  the  hippocampus,  and  anteriorly  from  the 
gyrus  foruicatuB  (as  Koelliker  and  Edinger  believe),  Edinger 
argues  that  the  gyrus  fomicatus  is  the  anterior  extension  of  the 
hippocampus.  Thus  (on  page  168)  he  says  again  that  in  higher 
mammals,  in  consequence  of  the  development  of  the  corpus 
callosum,  the  fornix  fibres  from  the  Ammonshom  are  separated 
from  those  which  arise  from  the  more  anteriorly  placed  part  of 
the  Bandtmndung  (meaning  the  gyrus  fornicatus). 

By  introducing  this  idea  of  a  BaridnjoinduTig,  which  groups 
gyrus  fomicatus  with  hippocampus,  Edinger  attempts  a  morpho- 
logical justification  for  Koelliker's  supposed  origin  of  the  fornix 
from  the  former  structure.  lu  his  Gewebelehre,  the  latter  dis- 
tinguished histologist  quotes  with  approval  Edinger's  interpre- 
tation, and  makes  a  clear  statement  of  his  view,  which  is  quite 
free  from  any  ambiguity.  He  thus  distinctly,  but  unintention- 
ally, reduces  the  argument  to  a  redu^tio  ad  absurdum. 

Thus,  on  page  825,  in  speaking  of  the  reptilian  brain,  he  says, 
"Edinger  hat  schon  eine  Andeutung,  ob  dieser  Fornix  der 
Reptilien  nicht  dem  Fornix  long^ia  der  Sanger  entspreche,  die 
ieh  voll  unterstutzen  mochte.  Die  mediale  Wand  des  Vorder- 
tumes  der  Beptilien  entspricht  ja  nicht  nur  Ammonsfalte,  sou- 
dern  auch  dem  Gyru»  fomicatus  der  Siiuger,  aus  welchem  der 
fGrmix  longus  entspricht  Ein  Fornix  inferior  kann  bei  der 
Beptilien  kaum  vorhanden  sein,  da  auch  das  Ammonshom,  in 
welchem  derselbe  entspricht,  nicht  gebildet  ist." 

Edinger  and  Koelliker  regard  the  cortex  of  the  mesial  wall 
of  the  reptilian  hemisphere  as  partly  homologous  with  the 
gyrus  fomicatus,  t.«.,  with  a  pallial  area.  Yet  both  these  writers 
speak  with  entire  approval  of  the  view  that  the  dorsal  commis- 
Bure  which  springs  from  this  mesial  wall  is  the  pmUeritim  or 
hippocampal  commissure.  But  if  this  mesial  wall  be  partly 
gjrog  fomicatus,  its  commissure  must  be  corpus  callosum. 

A  comparison  of  the  reptilian  cerebral  hemisphere  with  that 
of  the  developing  monotreme  clearly  demonstrates  that  the  whole 
of  the  mesial  wall  of  the  reptilian  hemisphere  which  is  placed 
above  the  pre-oommissural  body,  as  well  as  a  considerable  part  of 
the  roof  of  the  hemisphere,  is  unquestionably  the  homologue  of 
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the  hippocampus  of  the  mammalian  brain.  Although  the  reptil- 
ian hippocampus  is  not  so  highly  differentiated  as  its  mammalian 
homologue,  in  that  its  margin  is  not  yet  definitely  specialised  to 
form  the  fascia  dentata,  yet  we  must  utterly  disagree  with  Kolliker 
in  the  statement  that "  das  Ammonshorn  nicht  gebildet  ist.*'  The 
reptilian  fornix  springing  from  this  hippocampus  also  contaiDS 
representatives  of  most,  if  not  all,  of  the  groups  of  fibres  which 
have  been  brought  to  light  in  the  mammalia.  From  it  springs 
the  dorsal  commissure  or  '  psaUerium,'  It  also  includes  repre- 
sentatives not  only  of  the  fornix  mperiar  of  Koelliker,  but  also 
of  his  fornix  inferior.  It  contains  also  pre-  and  post-commissural 
fibres,  just  as  we  have  observed  in  the  mammalia.  The  fornix  is 
found  also  in  the  amphibia ;  and  even  in  so  lowly  a  vertebrate  as 
Fetromyzon  we  can  still  recognise  a  group  of  fibres  connected 
with  a  dorsally  placed  cap  of  cortex,  which  must  in  all  proba- 
bility be  regard^  as  the  most  primitive  representative  of  the 
hippocampus. 


ON  THE  NATUBE  OF  THE  WEIGERT-PAL  METHOD. 
By  JoBBPH  Shaw  Bolton,  B.Sc.,  M.D.,  B.S.  (Lend.), 
Demonstrator  of  Physiology  in  Mason  University  College, 
Birmingham, 

I  FBOKiSE  in  this  paper  to  state  the  results  of  an  investigation 
into  the  nature  of  the  Weigert-Pal '  medullary '  stain,  in  which 
I  hare  been  engaged  during  the  past  six  month&  For  a  com- 
plete account  of  the  development  of  the  method  of  Weigert-Pal 
aod  of  its  modifications,  I,  from  considerations  of  space,  refer 
the  reader  to  the  well-known  handbook  of  Belles  Lee.i  Since 
the  publication  of  the  recent  edition  of  this  work,  the  only 
CQmmumcation  on  the  subject  of  any  importance  is  a  recent 
p^er  by  Allerhand,'  who  recommends  the  use  of  liq.  ferri 
seaqmchlorati  (50  p.a),  followed  by  a  20  p.&  solution  of  tannic 
add  which  has  been  kept  for  some  weeks,  differentiation  being 
perfonned  by  the  method  of  Pal,  using  solutions  of  double 
strength. 

The  present  investigation  originated  in  a  series  of  attempts  to 
obtain  NisBl  *  preparations  from  portions  of  a  valuable  hemi- 
sphere whksh  had  been  placed  in  MiLller's  fluid  four  months 
pevioualy.  After  numerous  unsuccessful  trials,  which  gave 
staining  of  little  beyond  the  nuclei  and  the  ground-substance,  I 
attempted  to  similarly  spoil  formalin -hardened  sections  by 
treating  them  in  various  ways  with  solutions  of  the  chromates, 
in  order  to  determine,  if  possible,  why  in  the  chrome-hardened 
tisBoe  the  nerve  cells  refused  to  stain.  On  one  occasion,  on 
overstaioing  with  methylene  blue,  soluble  in  water,  and  then 
transferring,  after  washii^,  to  a  1  per  cent  solution  of  ammo- 
nimn  bichromate,  I  noticed  that  the  sections  changed  to  a 
purple  colour,  and  on  then  differentiating  them  with  weak  alum, 

^  The  Mierotomitfa  Vade  Mecum,  4th  ed.,  pp.  405-412. 

•  yeurol.  Centralb.,  1897,  p.  727. 

*  Neurol.  Cenlralb.,  1894,  p.  508. 
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I  was  surprised  to  obtain  what  looked  to  the  naked  eye  like 
purple  Weigert-Pal  specimena  On  examining  the  sections  under 
the  microscope,  however,  I  found  that  this  appearance  was  due 
to  a  deposit  of  fine  needle-shaped  purple  crystals  along  the  course 
of  the  bundles  of  nerve  fibrila  These  crystals  in  a  few  minutes 
dissolved,  the  sections  becoming  of  a  diffuse  blue  colour.  I  th«i 
placed  washed  formalin-hardened  sections,  cut  with  a  freezing 
microtome,  without  previous  soaking  of  the  block  of  tissue  in 
gum,  in  a  1  per  cent  solution  of  ammonium  bichromate  for  a 
couple  of  days,  and  on  then  overstaining  with  methylene  blue, 
and  dififerentiating  by  the  method  of  Pal,  and  also  by  simply 
washing  out  in  absolute  alcohol,  obtained  a  blue  Weigert-Pal 
result,  partly  composed  of  minute  crystals  and  partly  existing  as 
a  blue  stain  in  the  fibres.  These  results  were  also  not  perma- 
nent. I  finally  mordanted  the  sections  for  half  an  hour  in  an 
incubator  at  40*  C,  in  a  '25  saturated  solution  of  tannic  acid, 
followed  for  a  similar  period  by  a  bath  containing  1  per  cent 
of  tartar  emetic,  and  then  stained  as  usual  with  methylene  blue, 
soluble  in  water,  and  dififerentiated  by  the  method  of  PaL  This 
gave  me  typical  Weigert-Pal  results,  the  finest  fibrils  coming  out 
a  deep  blue,  and  the  result  was  permanent,  though  probably  the 
deterioration  which  usually  results  when  basic  dyes  are  employed 
will  eventually  ensue. 

As  this  method  of  obtaining  the  stain  was  simply  the  ordinary 
one  used  technically  for  the  staining  of  woven  fibres  with  basic 
dyes,  I  concluded  that  my  result  was  due  to  an  incomplete 
removal  of  the  stain  from  fibres  previously  prepared  to  receive 
it,  and,  though  exactly  like  a  Weigert-Pal  stain,  was  caused  by 
the  existence  of  fibres,  and  was  not  necessarily  dependent  on  the 
presence  of  a  medullary  sheath. 

The  consequent  suggestion  was  that  the  Weigert-Pal  process, 
instead  of  being  a  method  of  staining  fine  meduUated  fibres, 
might  merely  be  a  method  of  incomplete  removal,  by  oxidation, 
of  the  moi'dc'int  dye  logwood,  the  parenchymatous  part  of  the 
sections  being  naturally  more  readily  permeable  to  the  oxidising 
agent  than  the  bundles  of  fibrils,  and  consequently  more  readily 
decolorised. 

I  have  for  upwards  of  a  year  extensively  used  a  rapid  modifi- 
cation of  the  Weigert-Pal  method,  which  I  believe  to  be  original 
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I  have  been  accustomed  to  pass  my  sectioas  directhr  frz: 

5  p.a  formalin  into  Marchi's  floid,  and  then  to  varm  tbe^ 

to  40"  C.  for  half  an  hour,  afterwards  wadiing  and  van::::]^  in 

Kultschitzky's  acid  hsematoxylin  solution  tor  an  hoar.     By  ibr 

uae  of  balf-strength   Pal  solutions  I  hare  become  alle.  vi:h 

practice,  to  obtain  with  certainty  resQlto  hist^dogioftlly  in-  iiscm- 

guishable  from  those  obtained  by  the  slow  method  r«coainiei>5^i 

by  Schafer.i     Without  experience,  however,  this  nK-:h«>i  d  -cs 

not  necessarily  give  the  results  desired.     If  the  drfervniia::  n 

be  done  too  rapidly  imd  by  a  single  immersion  in  perrrjinr^n-av. 

the  result  is  a  beautiful  low-power  specimen,  with  relanr-^Iy 

coarse  fibres  aud  few  of  the  finest  fibnla     If,  on  the  c»ther  L^:. :. 

the  differentiation  be  done  more  riowly,  and  particularly  if  iL*f 

sections  be  several  times  transferred  between  the  pefman^iD«:<e 

*  and  sulphite  baths,  in  order  to  wash  away  the  pecipitateii  in^L- 

ganese  dioxide,  the  result  is  an  exoeedii^ly  fine  diffieTentiati*>n  •  f 

the  minute  fibrils. 

As  a  result  of  this  observation,  I  quickly  became  d^nriccvvl 
that  the  coarse  fibres  of  rapid  differentiation  were  snnply  c>^r.- 
whed  bimdles  of  finer  fibrils,  which  would,  by  nsin?  a  weaker 
bleaching  solution,  and  by  alternating  tibe  baths  a  few  times.  W 
differentiated  into  their  elements. 

Having,  from  this  point  of  view  also,  developed  a  doubt  a^  t«» 
the  necessarily  medullated  nature  ot  the  fibres  displayed  by  the 
Weigert-Pcd  method,  I  commenced  a  series  of  tests,  employing 
2  per  cent,  solutions  of  several  metallic  salts  in  place  of  the 
MuUer's  fluid  and  bidiromate  solutions  that  I  had  hitherto 
employed. 

The  tissue  chiefly  made  use  of  was  from  the  upper  part  of  th»f 
right  ascending  parietal  convolution  of  a  h^thy  man  a^^v^ 
55  years,  who  had  died  of  pneumonia,  and  it  had  been  fur 
six  months  in  5  per  cent  formalin^  The  sections  were  cut 
in  gmn,  without  previous  soaking  of  the  blocks^  by  means  of 
a  freezing  microtome. 

The  sections  were  in  some  cases  dipped  in  1  per  cent,  osmic 
acid,  and  in  others  left  in  the  solution  for  5  minutes.  Thev 
were  then  warmed  in  the  chosen  metallic  solution  to  40"^  C. 
for  half  an  hour,  and  afterwards  washed  and  again  warmed  as 

1  E$9aUials  o/Eistology,  Srd  ed.,  page  297. 
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before  for  an  hour  in  Kulfschitzky's  acid  logwood.  They  were 
finally  allowed  to  cool,  and  differentiated  by  the  method  of  PaL 
My  reeultB  are  as  follows: — 

Cobaltovs  Niiraie  (6).^ — ^A  jet-black  staining  of  the  fibres  resnlta* 
and  the  differentiation  is  excellent,  the  finest  filnils  showing 
even  to  the  surface  of  the  cortex.  The  usual  little  varieoBities 
of  medullary  tissue  are  apparent  on  the  fibrils,  both  in  die  grgr 
matter  and  in  the  superficial  lay^  of  this,  and  many  exceedingly 
fine  axis-cylindeis  exist,  showing  here  and  there  a  varicosily, 
these  becoming  more  numerous  during  their,  downward  course, 
till,  when  the  bundles  are  reached,  a  definite  agglomeration  of  &b 
varicosities,  and  finally  an  obvious  medullary  sheath,  appears. 
Thus  in  all  respects  these  specimens  are  typical  examples  of  Ae 
Weigert-Pal  result  in  formalin-hardened  cortex. 

CobaUous  Niirats  (3). — Dipped  in  osmic  acid.  Colour  a  dirty 
purple.  The  differentiation  is  excellent,  and  the  result  is  aa  good 
as  in  the  last  specimens,  but  the  colour  is  so  pale  that  the  fibrils 
are  difficult  to  f oUow  readily. 

Chrome  Alum  (4). — A  perfect  Weigert-Pal  result  Fibrils 
jet-black  and  differentiation  beautiful  In  many  cases  an  im- 
provement on  the  cobaltous  nitrate  result,  but  perhaps  accident- 
ally only  An  increase  in  the  varicosity  of  the  axis  cylinders  as 
they  are  traced  down.  Upwards,  the  varicosity  exists  to  the 
pyramidal  layer  of  the  cortex,  but  in  some  cases  the  appearance 
is  lost  altogether,  and  these  specimens  exhibit  the  typical  wiiy 
course  seen  in  Golgi  preparations.  The  varicosities  are  never 
jet-black  like  the  axis-cylinders,  but  have  rather  the  appearance 
of  being  most  deeply  stained  at  the  circumference,  and  semi- 
stained  elsewhera 

Iran  Alum  (7)- — Is  a  typical  result,  and,  taken  generally,  is 
perhaps  an  improvement  on  those  from  chrome  alum.  These 
specimens  show  additional  points,  owing  to  their  less  ready 
differentiation,  such  as  an  increased  number  of  fibrils,  many  of 
which  are  meduUated,  and  some  coarsely  sa  Several  axis- 
cylinders  also  are  seen  to  pass  into  the  superficial  layer  of  the 
cortex,  and  occasionally  a  well-medullated  fibre  does  the  samei 

^  The  numeral  in  each  case  refers  to  the  number  of  specimens  examined  In 
the  majority  of  cases  only  one  or  two  sections  from  each  batch  were  preserred. 
Each  specimen  was  invariably  differentiated  separately. 
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111  some  specimens,  through  more  rapid  liirffreiiiiari.u.  -.:.> 
meJuUated  and  varicose  fibrils  are  eNident,  and  in  v:her  r*irts 
Ae  larger  and  deeper  bundles  are  only  partially  »:<in»:^-ii  in:. 
their  individual  fibres,  or  not  at  all.  The  Unrtr  ri'trvs.  vrL-T: 
seen  in  cross  section,  frequently  appear  as  riiu;^  with  a  Lirk 
centre,  due,  as  will  be  seen  later,  to  a  de.^p  stairin::  ■.:  ih- 
axis^linder,  and  a  dark  periphery,  the  sul^tacctr  •<  ih»' 
medullar}'  sheath  being  only  partially  stained 

Xickei  Sulphate  (2). — Is  indistingmshahle  frc»m  the  L^:  >prt:> 
men& 

Copper  Acetate  (2). — Is  also  indistinguisliaMn  fr.m  t:.r*  ;r^ 
vioiis  specimena 

Z'uic  Sulphate  (2)l — Dipped  in  osmicaeid.  These  strii.  iis  {re- 
sent the  usual  appearance,  and  exhibit  very  fine  dbril^ti-  n.  lu: 
are  pale  and   semi-transparent  compare<l  with   the  p»r^v»lini: 


Manganc^  Sulphate  (2). — Dippetl  in  usmic  acid.  Is  raibtrr 
Ijetter  than  the  zinc  sulphate  results,  and  would  ^lass  for  a 
tj^ical  slow  Weigert-Pal  result 

Potash  Alum  (2). — Dipped  in  osmic  acid.  In  parts  is  a  typic^ 
remlL  In  others  the  fibres  are  reddish,  as  if  from  a  dt^fieiency 
d  oamic  acid. 

CUrate  of  Bismuth  and  Ammonia  (2). — Dipped  in  usmic  acil 
Isalate^rey  in  colour,  and  the  differentiation  is  not  very  s«"d, 
owing  to  the  transparency  of  the  fibril& 

These  remarkably  constant  results,  with  such  dissimilar 
metallic  salts,  and  with  such  an  obvious  explanation  for  the 
partiai  failures,  at  once  led  me  to  use  osmic  acid  alone. 

Osmie  Acid  (a)  (2). — Dipped  in  1  per  cent,  osmic  acid,  and  then 
heated  for  10  minutes  in  acid  logwood.  The  result  is  an  ordi- 
nary but  pale  Weigert-Pal  preparation,  with,  however,  the  finest 
filrilbe  showing  clearly.  (6)  (3). — Five  minutes  in  1  per  cent. 
oMiic  acid,  and  heated  for  20  minutes  in  acid  logwood.  The 
result  is  an  avew^  good  Weigert-Pal  specimen,  (c)  (4). — Five 
iiiiiiate&  in  1  per  cent,  osmic  acid,  and  then  for  12  hours  in  acid 
logwood  in  the  cold.  An  ordinary  Weigert-Pal  result.  The 
fibres  are  finer  and  more  numerous  than  in  the  last  set,  and  the 
differentiation  was  slower. 

In  a  new  series  of  sections  from  the  same  case,  I  next  obtained 
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specimens  b^  the  rapid  and  slow  osmic  acid,  and  the  slow   osmie 
acid  and  chrome  almn  methods. 

Bapid  Osmic  Acid  (5). — Twenty  minutes  in  1  per  cent,  osmic 
acid,  half  an  hour  at  40°  C.  in  acid  logwood,  and  half-strength 
Pal  solutions  for  difTerentiation.  The  result  is  a  good  Weigert- 
Pal  set  of  specimens,  with  perfect  differentiation  to  the  finest 
fibril&  In  many  places  these  sections  show  thin  axis-cylinders 
lying  quite  near  to  coarse  medullated  fibres. 

Slovj  Osmic  Acid  (5). — Twenty  minutes  in  1  per  cent  osmic 
acid,  and  24  hours  in  acid  logwood. 

The  sections  are  histologically  indistingiushable  from  the 
last  set. 

Slow  Osmic  Acid  and  Chrcmie  Alum  (5). — Twenty  minutes  in 
1  per  cent,  osmic  acid,  24  hours  in  1  per  cent,  chrome  alum,  and 
24  hours  in  acid  logwood. 

The  sections  are  histologically  indistinguishable  from  the  last 
two  sets. 

This  result  showed  at  least  that  the  stain  could  be  obtained  as 
a  pure  osmic  acid  lake  with  haematoxylin,  and  not  as  a  chrome- 
osmium  lake ;  and  in  view  of  the  fact  that  Weigert's  original 
method  involved  the  apparent  formation  of  a  copper-chrome  lake, 
I  proceeded  to  try  the  effect  of  most  of  the  metallic  salts  at  my 
disposal.  I  used  these  in  2  per  cent,  solutions,  placed  the  sections 
in  the  chosen  bath  for  24  hours,  and  followed  this  by  a  l>ath  of 
acid  logwood,  also  lasting  24  hours.  I  afterwards  differentiated 
by  the  method* of  Pal,  using  strengths  of  the  solutions  which  I 
found  best  to  suit  the  particular  cases.  I  verified  each  of  my 
results  by  performing  at  least  two,  and  in  many  cases  several 
applications  of  the  entii*e  process. 

Ferric  Chloride  (2). — Colour  dark  blue-black  of  a  transparent 
type,  and  not  possessing  the  jet-black  and  partly  opaque  appear- 
ance of  good  osmium  results.     There  is,  however,  perfect  differen- 

I  tiation  even  to  the  finest  fibrils,  and  the  usual  varicosities  are 

1  present  on  these. 

I  Zinc  Sulphate  (9). — Colour  a  very  pale  lilac,  with  in  some 

\  sections  a  tinge  of  grey.     The  fibres  are  barely  visible.    The 

colour  is  very  soluble  in  the  differentiating  fluids,  and  fades  in 

1  a  fortnight  almost  completely. 

\  Manganese  Sidj^hate  (10). — Colour  as  in  zinc  sulphate  re8ult& 

* 
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Is  sometimes  rather  darker,  and  aomedmes  ratber  pftkr. 

be  distingaished  from  the  last  set,  either  in  appevmoce  •?  «ca- 

biUtv. 

C Urate  of  BismiUh  and  Ammonia  (7i — ^Is  ks 
results  of  zinc  and  manganese.     Colour,  a  pak 
Veiy  soluble,  but  many  fine  fibrils  after  serenl  weeis  kre  s 
visible.    The  extreme  paleness  of  the  fibres  is  the  cLkf  ':*:  i.. 
their  visibility. 

Cobaltaus  Nitrate  (17>— Colour  purple,  and  leas  pilr  iLir.  ihu 
of  the  bismuth  specimens.  The  differendadon  k  n.iTrii'rV 
good,  but  the  fibrils  are  too  pale  to  be  seen  readily.  ^;pc  eislT 
vraahed  out  by  reagents,  and  consequently  ten-1  to  iiie.  \L  cA 
they  are  visible  several  weeks  after  jweparadon. 

Nidxl  Sulphate  (9).— A  much  deeper  purpie  tLin  ibr  !..:.^i 
result,  and  the  difierentiation  is  good.     When  taelr  Li-rr^ 
dated,  however,  the  fibres  are  too  pale  for  pracdc*!  ase.    fc^ 
sembles  the  chromium  result  (see  below  i    Does  noi  irtrri  ri> 

Iron  Alum  (15j.— Is  black.  The  differendadon  is  tLi>lrr- :, 
and  quite  equal  to  that  of  the  ordinary  Weigen-Pal  p rrn^*:-  -J 
The  finest  fibrils  are  brought  out  a  deep  blue^b^^k  wi-J: 
dearness.    Is  permanent. 

Chrome  Alum  (5). — ^The  colour  is  purple,  aai  c.f  4 

same  depth  as,  or  rather  paler  than,  the  nickel  preiATiii  L. 
Is  permanent,  but  is  useless  for  pracdcal  purp.:.9es  in  r/dpi^  - 
with  iron  and  osmium,  in  spite  of  a  moJeraurly  ^>  .1  'Izt--- 
tUtion. 

Cof^^r  Sulphate  (5).— Is  purple  Hie  liitferemii-i  ::  i^  11^^ -r 
good.  It  is  better  than  the  cobalt  result,  but  nut  bj  2  Ji  ^  -^  ^ 
after  the  use  of  nickel  and  chromiam. 

Pot<ish  Alum  (9).— Is  ahnost  vermilion-re.1    Tbe  ilz ^ 

tionis  as  good  as  that  from  iron  salts,  and  the  o.zi  -V^^^ 
agreeable.  The  finest  fibrils  are  deep  red,  and  perfecily.^-r-  '  I- 
hoth  these  and  certain  of  the  iron  specimens  the  t -^  :. .  i  s  ^J^ 
clearer  and  finer  under  ordinary  powers  than  do  those  i^  isni-^ 
preparations.  The  impression  is  somehow  given  by  the  -rv^o^ 
tiona  obtained  from  all  the  metals,  excepting  o^z^'^^]!^^^ 
some  cases  iron,  that  the  wsrcylinders  m  the  tarts  f^l^ 
stomed.  ----rr^ 

If  the  potash  alum  sections  be  partially  differendatrf  odZt 
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whilst  the  fibres  are  not  so  clear,  the  cells  are  stained  a  beantif  al 
red.  If  the  sections  be  left  too  long  in  alum  the  nuclei  of  the 
glia  cells  and  some  of  the  nerve  cells  stain  red,  whilst  the  fibrils 
are  not  obvious.  The  satisfactory  potash  alum  result  is  per- 
manent, and,  excepting  for  its  red  colour,  is  quite  as  good  as  an 
ordinary  Weigert-Pal  preparation. 

Uranium  Acetate  (16).^Eeddish  purple  fibres.     The  proceeB 
of  differentiation  is  slow,  and  many  cells  remain  stained  a  dark 
lilac  in  some  parts  of  the  sections.     The  result  is  intermediate  in 
many  respects  between  those  from  nickel  and  cliromium  on  the 
one  hand,  and  from  potash  alum  on  the  other.     The  blood  in  tbe 
capillaries,  and  also  in  places  the  nuclei  of  the  latter,  are  well 
stained.     Where  the  sections  show  good  results,  the  fibres  are 
very  fine  and  clear,  and  contrast  with  the  apparently  coarser 
fibres  of  osmium  preparations.     The  specimens  gradually  dete- 
riorate on  keeping,  and  the  fibres  become  brownish,  though  tfaej 
are  still  fairly  distinct.     The  nerve  cells,  however,  with  the 
nuclei  of  the  capillaries  and  of  the  glia  cells,  retain  their  deep 
lilac  colour,  and  even  apparently  seem  to  increase  it  at  the 
expense  of  the  fibres.    This  result  seems  to  occm:  when  tbe  tiaBue 
has  been  over-mordanted  or  placed  in  too  strong  a  metallic  bath, 
but  I  have  not  experimented  further  on  this  point. 

Sodium  Tungdate  (8). — The  result  is  almost  the  counterpart 
of  that  obtained  by  means  of  potash  alum,  excepting  that  the 
colour  is  a  fairly  deep  slate-blue.     There  is  better  definition 
than  in  the  chromium  and  nickel  results,  owing  partly,  poflBibly, 
to  its  slower  differentiation,  and  many  cells  are  beantsfolly 
stained.    This  result  is  also  better  and  clearer  than  that  from 
uranium,  and  even  when  over-differentiated  the  fibrils  retaio 
their  clear  and  sharp  appearance,  and  many  laige  cells  still 
retain  their  stain.     The  blood  corpuscles  in  the  vessels  and  manj 
of  the  nuclei  of  the  glia  cells  are  stained  nearly  black.    The 
fibrils  seem  very  fine  compared  with  those  in  osmiimi  propsm- 
tions.     Although  sodium  tungstate  specimens  keep  well,  and  in 
spite  of  the  beautiful  appearance  exhibited  by  many  of  the 
bundles  of  axis-cylinders,  the  result  as  a  whole  is  too  pale  for 
practical  purposes. 

Stannous  Chloride  (13). — The  fibres  in  these  specimens  are 
stained  a  deep  reddish-purple,  and  are  well  differentiated.    The 
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excess  of  stain  is  moderatelv  easilv  removed  br  ordimrr  F&I 
flolutions,  and  if  well  washed  in  water  after  diiier^nii&u  :•::  ;be 
sections  pass  safelj  Uirough  alcohol  If  over^norii:::<^L  :r>» 
sections  are  difficult  to  w^ash  oat  Good  resollB  are  no:  o'-i.tis-ni 
if  the  metallic  bath  be  not  made  perfectly  clear  by  ih»r  iiiin-ifi 
of  die  miuimnm  qnantitA'  of  hydrochloric  acitl  that  will  i-  ;ris 
at  the  time  when  the  solution  is  prepared. 

Ammonium  Molyhdate  (18V — ^This  bath  gives  a  l^^icrif:!  vi.:  ler- 
blue  result  The  fibrils  are  deeply  stained,  and  the  .iLf-nrndii: . :: 
is  perfect  The  sections  bleach  readily,  and  «!•:•  n«»;  i>asily  si*  lI 
if  treated  with  ordinary  care.  The  colour  is  verv  ajr»*fti'>.  a&i 
the  result  is  permanent. 

Ammonia  Alum  (6).— The  colour  here  is  a  bniwnish  pcrj>, 
and  the  result  is  Yevy  little  better  than  that  obtained  fr  •a  zi^n- 
ffDe»  or  zinc.  The  differentiation  is  good,  but  the  £r>rEs  ar^ 
my  pale,  and  consequently  difficult  to  fnllniw.  The  secti  -rjs 
deteriorate  verj'  little  on  keeping. 

I  shall  conclude  mv  list  of  results  by  the  ad<iiti'»n  <*f  ihe  f  1- 
lowing,  which  are  of  sufficient  importance  to  merit  separiie 
ootioe,  and  have  considerable  indirect  bearii^  on  th-e  niriT^  'if 
the  Weigert-Pal  process. 

Tannic  Add,  Tartar  Emetic^  and  Mrtht/Unf  Bitty  i9i.— T:.-^se 
flections  were  placed  in  a  quarter-saturatefl  solution  f4  tannic 
•cid  and  heated  to  40  C.  for  half  an  hour :  they  were  th^r.  p.a.>?»i. 
after  washing,  for  a  similar  period  in  a  1  per  cent  »:*!::rl  -n  of 
tartar  emetic  at  40'  C. :  and  finally,  after  wadiing,  wer**  hea:^! 
in  a  quarter  per  cent,  solution  of  methylene  blue,  soluble  in  wa:*rr, 
till  babbles  appeared,  and  kept  at  this  temperature  for  several 
minutes.  They  were  then  washed  in  water  and  diflerentiatr^i  tv 
means  of  Pal  solutions  of  double  strength. 

The  result  is  in  many  places  of  the  t)-pical  Wei^ert-Pa!  tyr^, 
the  fibrils,  laige  and  small,  being  stained  a  deep  blue,  and  exr^bit- 
ii^  great  clearness  and  very  good  differentiation.  There  Lis 
been  little  or  no  deterioration  in  these  specimens  since  tJjeir 
preparation. 

Kidney  ef  Dog  (cut  by  freezing). — 

(fl)  Ordinmry  Slow  Osmium,  Metlioi  (5). — ^The  result  is  a 
beautiful  low-power  specimen.  Some  tubules,  especially  the 
loops  of  Henle,  excepting  when  they  have  been  cut  into,  are  jet* 
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black,  whilst  others,  chiefly  the  convoluted  tubules,  are  greyish 
black.  The  medullary  tubules  are  hardly  stained  at  all,  and  the 
glomeruli  and  the  tubules  entering  them  not  at  alL  Under  a 
high  pow^r  the  result  is  seen  to  be  due  to  a  simple  washing-out 
process. 

(6)  Slov)  Iron  Alum  Process  (6).  —  Exactly  the  same  result, 
excepting  that  the  parts  stained  possess  a  purple-black  colour 
instead  of  a  genuine  black. 

Liver  of  Pig  (frozen  sections). — 

Slow  Osmium,  and  also  Slow  Iron  Alum]  Process  (4). — The 
differentiation  here,  as  might  be  expected,  occurs  evenly  all  over 
the  sections,  and  they  are  finally  left^practically  unstained. 

Muscular  Coat  of  Small  Intestine  o/'^oa^A  (formalin-hardened)L — 

Slow  Ammonium  Molyhdate  Process  (1). — Under  differentiation 
the  bundles  of  circular  muscle  fibres  gradually  clear  up, 'then 
separate  into  individual  deep  blue  fibres,  and  finally,  if  the  pro- 
cess continue,  are  completely  washed  out. 

Cerebral  Cortex  from  a  General  Paralytic.     (Eight  paracentral 
region.     Six  weeks  in  formalin.^ — 

(a)  Rapid  Osmic  Acid  Process  (10). — Eesult  black,  many 
coarsely  meduUated  fibres  and  relatively  few  fine  fibiila  The 
blood  corpuscles,  with  which  the  vessels  are  congested,  are  stained 
a  jet-black  even  in  the  fine  capillaries.  Many  nucleoli  remain 
stained  in  the  larger  nerve  cells.  Differentiation  is  excellent 
from  a  coarse  point  of  view,  and  there  are  many  varicosities  on 
the  fibrila 

(b)  Slow  Os7nid  Acid  Process  (5). — The  differentiation  was 
carried  out  as  slowly  and  carefully  as  possible.  The  resulting 
specimens  show  many  more  fine  varicose  fibrils  tihan  are  to  be 
seen  in  the  previous  set,  but  even  here  very  few  bare  axis- 
cylinders  are  visible.  The  vessels  are  washed  out  much  more 
than  is  the  case  in  the  previous  preparations,  and  the  nucleoli  of 
the  nerve  cells  have  disappeared.  Many  varicose  medullated 
fibres  exist  in  the  superficial  layer  of  the  cortex. 

(c)  Slow  Iron  Alum  Process  (7). — A  very  perfect  result. 
Numerous  coarse  and  fine  fibrils,  the  former  medullated  and  the 
latter  varicose,  are  visible,  but  the  fibrils  all  seem  shorter  than 
is  usual,  and  also  more  tortuous.  The  black  staining  of  the 
congested   blood-vessels   is,  however,  the    marked    feature  in 
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the  specimens,  and  for  my  present  porp^Ge  is  ibe  •cly  im- 
portant one. 

I  finally  completed  my  study  of  the  WeL^rt-PJ  i-r«->et5e  :y 
nuiking  a  careful  examination  of  my  variciosly-^'reruiv*!  5tr:::.i;> 
nnder  magnifying  powers  of  from  1000  to  l."-'>  dLiz>r:»rrs.  in-i 
soon  obtained  a  satisfactory  termination  tn  mv  invesdri::  n  :t 
this  means. 

I  have  already  referred  to  the  varieodties  of  siy-Iiii  wL::r. 
exist  on  the  cortical  fibrils  when  the  sections  are  r-r^«»r>r'i  '  t 


/ 


A. 


Fig.  1. — a  and  b,  tenuinal  axis-cylinders  wilh  TaTix>»itlea 
of  myelin  attached  to  them.  Osmic  acid  specimen, 
c,  another  tenninal  axis  cylinder,  assuming  the  nsiul 
wiry  appearance  on  getting  free  from  its  meiollacel 
sheath.  [Zeiss  apochromatic  water-immflrsion.  Eve- 
piece  No.  18  ;  draw- tube  160  mm.] 

the  method  I  have  adopted.  I  have  also  stated  that  I  jiaineil 
a  general  impression,  when  using  the  ordinary  powers,  that  the 
fibrils  in  the  preparations  made  from  most  of  the  metallic  salts 
'fere  finer  than  those  obtained  by  the  use  of  oemiuuL  Under  a 
Zeiss  apochromatic  water-immersion,  with  eye-piece  Xo.  18  and 
fte  draw-tube  at  160  mm.,  it  at  once  became  evident  that  the 
^cosities  were  really  lumps  of  myelin,  and  also  that  the  axLs- 
^^linders  themselves  were  deeply  stained  with  the  dye.     Fig.  1 
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shows  the  appearance  of  the  tei-minal  axis-cylinders  iu  an  osnrie 
acid  specimen  before  the  myelin  has  entirely  left  the  fibril.  In 
these  specimens  both  the  axis-cylinder  itself  and  the  remains  d 
the  medullary  sheath  are  stained  deeply.  Fig.  3,  on  the  other 
hand,  represents  the  appearance  of  the  corresponding  objectB 
when  sodium  tungstate  is  used  as  a  mordant ;  and  here  the  axis- 
cylinder  is  stained  a  deep  blue-black,  whilst  the  medullar)-  sliefttib 


» 


tlie  stainnil  axiscyliu 
>-)irat1i.  ChromQ  alum 
ot  gimilar  fibres.     [The 


bres  03  tbey  onter  the  grey 
iiisido    the    irregaUrly   var: 
I  oamic  acid  specimens. 
le  m&giiificatiaTi.  ] 
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is  quite  unstained,  and  can  only  be  discerned  owing  to  its  hi^ 
power  of  refraction.  The  intermediate  condition  between  the* 
two  extremes  is  shown  in  fig.  2,  taken  from  a  chrome-AlniD- 
osmimn  specimen,  where  both  the  axis-cylinder  and  the  nwcinl- 
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laiy  sheath  are  stained;  but  the  former  is  so  much  deeper  in 
iiolour  that  it  is  clearly  visible  both  in  the  ordinary  fibres, 
fig.  2,  a,  i,  and  c,  and  in  the  cross-sections,  fig.  2,  d. 


\ 


Fig.  3. — Varicose  terminal  axis-cylinders  from 
a  Bodium  tnngstate  specimen,  in  which  the 
myelin  is  quite  unstained.  [The  same  magni- 
fication.] 

Between  the  two  extremes  represented  in  figures  1  and  3,  all 
degrees  exist  For  example,  iron  alum  resembles  osmium  in 
causing  a  deep  staining  of  the  medullary  sheath,  which  usually 
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completely  hides  the  axis-cylinder,  though  in  both  these 
with  care,  the  latter  can  usually  be  detected  in  at  least  a  few 
fibres.  Tin  chloride  stains  the  axis-cylinder  a  violet  colour,  and 
the  medullary  sheath  a  pale  pink.  Ammonium  molybdate  st&ins 
the  axis-cylinder  a  deep  slate-blue  colour,  and  the  medullary 
sheath  a  pale  blue.  Uranium  acetate,  potash  alum  and  doubly 
mordanted  methylene  blue  resemble  sodium  tungstate  in  leaving' 
the  medullary  sheath  practically  unstained,  whilst  they  stain 
the  axis-cylinder  respectively  a  deep  purple,  red,  and  blue 
colour. 

Hence,  the  Wcigert-Pal  process  is  nut  a  specific  method  for  th€ 
staining  of  medullaied  nerve  fibres  loith  hcetnatoxylinj  hut  is  a 
method  of  dyein^g  fibrils  which  comprises  three  distinct  operations : 
the  mordanting  of  the  fibrils,  the  formation  of  a  lake  in  them, 
and  finally,  the  removal  of  the  stain  by  oxidation  from  nearly 
every  other  part  of  the  complex  tissue  under  treatment 

The  lake,  as  in  the  case  of  the  osmium,  and  usually  of  the 
iron  compound,  may  stain  the  medullary  sheath,  when  it  exists, 
as  well  as  the  axis-cylinder,  and  to  such  an  extent  that  the  two 
cannot  be  distinguished.  It  may,  on  the  other  hand,  whilst  it 
deeply  stains  the  axis-cylinder,  scarcely  stain  the  medullary 
sheath  at  all,  as  in  the  cases  of  the  logwood  lakes  of  sodium 
tungstate,  uranium  acetate,  and  potash  alum,  and  of  the  doubly 
mordanted  methylene-blue  lake.  It  may,  finally,  moderately  stain 
the  medullary  sheath,  and  deeply  stain  the  axis-cylinder,  as  in 
case  of  the  stannous  chloride  and  ammonium  molybdate  logwood 
Jake& 

The  various  lakes  studied  during  this  research  may  be  classified 
into  three  groups,  as  follows : — 

Classification  of  Lakes. 

Group  I. — Of  iwaHical  valm. 

The  logwood  lakes  of  osmic  acid,  iron   alum,  ammonium 
molybdate,  and  ferric  chloride. 

Group  II.  —Of  more  purely  theoretical  value, 

a.  The  logwood  lakes  of  stannous  chloride,  sodium  tungstate, 

uranium  acetate,  and  potash  alum. 

b.  The  doubly-mordanted  methylene-blue  lake. 
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Grouf  III. — Ofrdaiioehj  little  ro/ne,  owin/'j  to  their  faini  ooIk 

The  logwood  lakes  of  nickel  sulphate,  chrome  alum  and  the 
cbromates,  copper  acetate,  cobalt  nitrate,  citrate  of  bismnth 
and  ammonia,  ammonia  ainm,  manganese  sulphate  an*! 
zinc  sulphate. 
This  explanation   of  the  nature  of  the  Wei^rt-Pal  pr.»>rS5 
being  accepted,  it  may  not  unnatxirally  be  asked  whether  the 
fibres  of  other  tissues  can  be  similarly  stained :  and  if  not,  whv  ? 
In  reply  to  this  by  no  means  improbable  suggestion,  I  wish  to 
advance  the  following  considerations.    Hiematoxrlin,  like  Mther 
stains  of  its  class,  is  most  intensely  deposited  in  the  parts  of  the 
tissue  possessing  the  greatest  actual  or  potential  metal:»jLL?nL 
Such  tissues  as  the  fibrous  and  the  elastic,  and  the  various  fir.nl- 
lated  matrices,  though  they  readily  stain  with  certain  *  general ' 
stains,  do  not  easily  stain  with  any  of  the  *  special '  stains,  owin*^ 
probably  to  their  stable  and  perhaps  impervious  structure.     Th*- 
only  tissue  in  the  body  possessing  minute  fibiils  of  considerab> 
lei^h,  and  abo  of  high  potential,  though  possibly  low  actual, 
metabolism,  is  that  composing  the  essential  part  of  the  ne^^v.1li« 
system;  and  it  is  consequently  here,  and  here  alone,  that  lli** 
Weigert-Pal  method  has  a  suitable  field  for  its  operation  on  a 
minute  scale.     On  a  relatively  large  scale,  however,  the  meth«-l 
is  equally  applicable  elsewhere.     For  example,  the  kidney,  as  I 
liave  already  shown,  presents,  under  a  low  power,  a  beautiful 
appearance  after  being  submitted  to  the  Weigert-Pal  process. 
The  fact  that  the  fibres  of  the  Iddnev  substance  are  minute  tuU« 
affects  all  its  parts  equally,  and  neither  causes  nor  tends  to  pre- 
vent the  beautiful  differentiation  which  results  from  the  appli- 
cation of  the  method.     It  is,  of  course,  as  a  washed-out  spierrimen, 
of  as  little  value  when  seen  under  a  high  power  as  would  be  a 
Weigert-Pal  specimen  of  cerebral  cortex  if  the  fibres  were  majnii- 
fied  to  the  same  size.     Again,  if  the  involuntary  fibres  in  the  cir- 
cular muscular  coat  of  the  intestine  of  the  roach  he  over-stained 
in  acid  logwood  after  mordanting  with  anunonium  molylxlate, 
on  differentiating  by  the  method  of  Pal  they  exhibit  a  beautiful 
low-power  appearance,  becoming  visible  first  as  groups  and  later 
on  as  single  fibres,  after  which,  if  the  process  be  continuerl,  they 
decolorise.    Organs  generally  parenchymatous  in  structure,  such 
as  the  liver,  as  might  be  expected,  either  remain  black  or  de- 
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colorise  entirely,  according  to  the  degree  to  which  the  bleaching 
is  carried  out.  Lastly,  the  blood  corpuscles  in  engorged  veaseli  i 
readily  mordant  and  stain,  and  with  difficulty  decolorise ;  alaa  \ 
the  nucleolus  of  the  larger  nerve  cells  frequently  remains  black,; 
even  when  over-differentiation  has  been  performed  and  many  of 
the  finer  fibrils  are  washed  out. 

Thus  the  Weigert-Pal  process  generally,  compared  with  thai 
of  technical  dyeing,  is  on  a  microscopic  scale,  and  is  perfoxmed 
on  a  complex  structure.    Just  as  fine  glass  threads  included  in  a 
web  would  not  stain,  so  nearly  the  whole  of  the  fibres  in  tha 
body,  excepting  those  belonging  to  the  neurons,  do  not  staizi, 
owing  to  the  fact  that  tliey  refuse  the  mordant,  and  consequently 
the  lake.     This   principle   receives   an   illustration   from    tte  , 
methods  of  hardening  in  common  use ;  for  whereas  it  can  be  laid 
down  as  a  broad  ride  that  some  chrome  compound  is  desirable  af 
a  hardening  agent  for  many  of  the  protoplasmic  tissues,  it  ia  aa 
equally  broad  rule  that  alcohol  is  usually  advisable  when  tlie 
fixing  of  the  connective  tissues  and  of  many  neoplasms  is  required ; 
that  is,  when  desiccation  and  preservation  only  are  neceE«arj. 
The  usual  unwelcome  exception  which  teats  our  rules  here  appears 
in  the  form  of  the  softer  glands,  which  are  usually  hardened  in 
alcohol     The  explanation  of  this  exception  is,  however,  that  these 
particular  tissues,  to  be  preserved  at  all  without  disorganisation, 
must  be  rapidly  fixed,  chiefly  by  coagulation  and  desiccation. 

I  have  during  this  research  made  use  of  tissue  which  had  been 
rapidly  killed  by  and  then  preserved  in  formalin,  thus  avoiding  any 
undue  tampering  with  the  tissue  elements ;  this  being  the  special 
property  of  this  valuable  reagent  I  have  also  experimented  with 
human  cortex  cerebri  only,  as  this  tissue  has  for  some  time  past 
been  my  especial  study,  but  my  explanation  of  the  Weigert-Pal 
process  can  equally  be  applied  to  other  parts  of  the  nervous 
systenL  It  requires  careful  differentiation  and  thin  aecti<»]S  to 
bring  out  the  individual  medullated  fibres  in  a  section  of  spinal 
cord,  ganglion  or  nerve,  and  the  nng-shaped  appearance  of  trans* 
vecse  sections  of  the  medullated  fibres  is  easily  explicable  if  one 
supposes  that  the  stain,  as  is  probable,  is  more  easily  washed  out 
from  the  axis-cylinder  fibrils  than  from  the  denaeo:  medaHated 
sheath,  which,  as  I  have  shown,  is  intensely  stained  in  oamiuin, 
and  usually  also  in  iron  preparationa     The  fine  collaterals  in  the 
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grey  matter  of  the  spinal  cord  are,  as  in  the  case  of  the  fibrils  of 
the  cerebral  cortex,  at  least  a  hundred  times  smaller  in  section 
than  an  ordinary  meduUated  fibre.  These  fine  fibrils  are  easily 
decolorised  in  sections  of  spinal  cord  which  are  not  sufficiently 
thin,  long  before  the  coarse  fibres  of  the  white  matter  are  differ- 
entiated, owing  to  the  fact  that  they  more  frequently  run 
separately  than  in  bundles,  such  as  are  seen  in  the  cerebral 
cortex.  The  analogous  part  of  the  latter  is  rather  the  superficial 
half  of  the  grey  matter,  after  the  sheaves  of  fibrils  have  separated 
into  their  elements.  Especially  in  under-differentiated  parts  of 
the  cortical  grey  matter,  a  more  or  less  inter-communicating  mesh- 
work,  with  nodes  occasionally,  exists  here  and  there,  owing  prob- 
ably to  the  fact  that  portions  of  stain  remain  where  certain 
of  the  fibrils  nearly  approach  one  another ;  and  this  is,  in  my 
opinion,  one  cause  of  the  difference  in  appearance  between 
Weigert-Pal  and  fibrillar  Golgi  preparation&  No  nodes  occur  in 
tJie  latter,  as  the  chromate  of  silver  is  deposited  in  the  fibrils,  or 
in  their  canaliculi ;  whereas  in  the  former  they  are  not  rare,  as 
might  be  expected,  when  such  a  coarse  method  as  that  of  differen- 
tiation by  bleaching  is  employed.  Occasionally  small  thickenings, 
apparently  due  to  incomplete  washing  out,  exist  on  the  terminal 
axis-cylinders  at  the  proximal  and  distal  ends  of  certain  of  the 
yaricoffi.tie8  of  Myelin.  These  constitute  the  only  evidence  I  can 
adduce  in  hvour  of  the  existence  of  a  thin  homogeneous  primitive 
dieatib.  Th^  are,  however,  susceptible  of  a  more  obvious  inter- 
pretation, and  I  am  personally  inclined  to  doubt  the  presence  of 
sadk  a  sheaiih.  As  far  as  I  am  able  to  judge  from  compari- 
son, there  is  little  or  no  difference  in  size  between  the  properly 
differentiated  Weigert-Pal  axis-cylinders  in  the  cortex,  and  the 
fibrils  brought  into  view  during  the  chrome-silver  impregnation 
of  formalin-liardened  braizt  These  are  especially  numerous,  and 
are  preaumably  nervous  in  nature,  in  general  paralysis,  but  occur 
to  a  greater  or  lees  extent  in  all  cases  after  about  a  week's  immer- 
sion in  the  chrome  bath.  I  will  not  refer  further  here  to  this 
subject,  as  I  have  a  paper  in  course  of  preparation,  in  which  I 
hope  to  deal  with  the  matter  more  fully. 

Ab  I  stated  at  the  commencement  of  this  paper,  a  method  has 
been  recently  introduced  by  Allerhand,  which  consists  in  the 
impregnation  of  chrome-  or  alcohol-hardened  preparations  with,  a 
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black  tannate  of  iron,  the  sections  being  differentiated  in  Vd 
solutions  of  double  strengtL  This  method  explains  the  jet-bladi 
coloration  I  obtain  with  iron  alum  and  logwood,  as  the  latlai 
contains  tannin,  and  it  enables  one  to  dispense  with  a  dye.  The 
chief  objection,  probably,  to  a  sufficient  trial  of  the  method  df 
AUerhand,  is  the  fact  that  the  tannin  solution  takes  so  long  to 
prepare,  whilst  the  question  of  its  cheapness,  which  its  originator 
especially  emphasizes,  will  be  of  little  interest  to  most  neurolo- 
gists, owing  to  the  relatively  small  quantities  of  the  reagents 
which  are  employed. 

Method. 

The  following  method,  which  in  my  hands  gives  very  satis- 
factory results,  seems  to  be  the  natural  outcome  of  the  present 
investigation.      The  sections,  preferably  cut  by  the    freezing 
method,  and  without  any  soaking  of  the  blocks  in  gum  if  they 
be  formalin-hardened,  should  be  mordanted  for  a  few  minutes, 
till  the  white  matter  becomes  fawn-coloured,  in  a  1  per  cent 
solution  of  osmic  acid,  or  for  a  few  hours  in  a  2  per  cent,  solu- 
tion of  iron  alum  or  of  ammonium  molybdate.     The  latter  bath 
may  be  hastened  by  placing  the  sections  in  an  incubator  at 
40"  C.     They  should  then,  after  washing,  be  stained  for  some 
hours  in  the  cold,  or  for  about  two  hours  in  an  incubator  at 
40"*  C.  in  acid  logwood,  and  after  again  washing,  they  may  be 
bleached  by  the  method  of  Pal.     The  most  perfect  results  are 
obtained  by  at  first  leaving  the  sections  for  a  few  seconds  only 
in  the  permanganate  solution,  and  by  alternating  the  bleaching- 
baths  till,  as  experience  only  can  teach,  differentiation  is  com- 
pleted.    They  should  afterwards  be  washed  in  distilled  water, 
mopped  dry  on  a  lifter  with  blotting-paper,  and   transferred 
directly  to  absolute  alcohol  for  a  few  seconds.    They  should  then 
be  again  mopped  dry  and  placed  in  chloroform,  which  will  float 
them  out  if  any  shrinking,  which  is  unusual  in  my  hands,  has 
occurred,  and  should  finally  be  passed  into  xylol  without  mop- 
ping, and  mounted  in  moderately  fluid  xylol  balsam.     I  usually, 
without  any  injury  to  the  sections  or  any  deposition  of  fibres, 
dry  my  sections  by  pressing  clean  blotting-paper  on  them  before 
applying  the  balsam. 

If  the  sections  are  brittle,  they  have  been  left  too  long  in  the 
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icid  logwood.  The  preparations  are  best  diflerentiated  by  osiu^ 
I  number  of  porcelain  dishes  and  pouring  the  various  fluids  oirvr 
^bem  and  away  from  them,  this  di^nsing  with  a  eonsideralle 
imount  of  handUng,  and  consequent  possible  injury.  If  the 
sections  are  left  too  long  in  alcohol  or  under-washed  in  distillt^l 
miter  after  differentiation,  some  dissolving  out  of  the  stain 
Docurs.  Chloroform  to  some  extent  prevents  this  from  ct^udnu- 
ing,  and  it  mixes  with  a  trace  more  water  than  does  xylol,  whilst 
[%  also  at  once  completely  flattens  out  the  sections,  without  any 
liability  to  injury  from  diffusion  currents  if  the  alei:»h«»l  he 
mopped  off  before  they  are  placed  in  it. 

COXCLUSIOXS. 

1.  The  Weigert-Pal  process  consists  in  the  incomplete  *  .xi  ia- 
ticiQ  of  a  stain  from  mordanted  fibrils  containing  it  as  a  lake,  aal 
bears  no  necessary  relation  to  the  occasional  presence  **(  a 
medullary  sheath  round  these. 

i  If  an  ordinary  mordant  dye  such  as  l<jgwooil  be  u::?*-il,  a 
metallic  salt,  to  mordant  the  fibres  previously,  is  neceasar}'. 

3.  If  a  basic  dye,  such  as  methylene  blue,  soluble  in  water,  lo- 
used, double  mordanting  with  tannic  acid,  and  afterwanis  with 
tartar  emetic,  is  necessary. 

4.  The  ordinary  Weigert-Pal  residt  can  be  i>btaiue«J  Ity  ih*- 
use  of  osmie  acid  alone,  as  this  forms  a  jet-black  lake  with 
haematoxylin  in  the  absence  of  other  metal& 

5.  Almost  as  good  or  equally  good  results  can  be  obtaiue>l  l»v 
the  use  of  2  per  cent  solutions  of  iron  alum,  ammonium  m-  •lvl>- 
date,  ferric  chloride,  stannous  chloride,  sodium  tungstate,  uranium 
acetate,  and  potash  alum ;  and  much  inferior  results,  arran^^  in 
order  of  value,  can  be  obtained  by-  the  use  of  similar  solutions  of 
nickel  sulphate,  chrome  alum  and  the  chromates,  copper  acetate 
cobalt  nitrate,  citrate  of  bismuth  and  ammonia,  ammonia  alum 
inanganese  sulphate,  and  zinc  sulphate. 

6.  Osmic  acid  and  usually  iron  alum  cause  a  practically  equal 
staining  of  the  medullary  sheath  and  of  the  axis-cylinder,  whilst 
the  other  metals  chiefly  cause  staining  of  the  axis-cylinder  the 
medullary  sheath  being  either  slightly  stained  or  qiute  unstained 
according  to  th3  metal  employed 
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7.  A  lessened  rapidity  of  differentiation,  and  particularly  m 
alternate  use  of  the  permanganate  and  sulphite  baths,  to  removd 
the  precipitated  manganese  dioxide,  greatly  increase  the  finened 
of  the  differentiation. 

8.  The  Hon-correspondence  of  osmium-clurome-lc^wood  ani 
Golgi  results  is  thus  readily  explicable. 

I  desire,  in  conclusion,  to  express  my  indebtedness  to  Dr 
Powell  White,  of  the  General  Hospital,  Birmingham,  and  to 
Dr  Wiglesworth  and  Dr  A.  W.  Campbell,  of  the  CJounty  Afiylum,  | 
Rainhill,  for  the  material  used  in  this  research;  also  to  DwI 
Baker  and  Innes,  and  especially  to  Professor  F.  J.  Allen,  of' 
Mason  College,  for  many  valuable  suggestions  and  criticisma 


SKULL  OF  AN  ADULT  MICROCEPHALIC  IDIOT.  By 
the  Bev.  F.  C.  Ksmpson,  M.B.,  Gouville  aud  Caius  College, 
Cambridge,  Demonstrator  of  Anatomy,  Cambridge  Univer- 

The  present  skull  is  of  unknown  age,  aud  without  a  history: 
it  was  found  on  a  shelf  in  a  provincial  hospital,  where  it  seems 
to  have  lain  for  many  years.    It  is  obviously  a  case  of  congenital 
microcephaly,  similar  to  .the  case  of  ''  Joe  "  described  by  Professor 
Cunningham  and  Dr  Telford  Smith  in  the  Scientijie  TransaetujM 
of  the  Boyd  Dublin  Society  (vol.  v.  series  iL  p.  339).    The  micro- 
cephaly of  the  present  skull  is  not  quite  so  extreme  as  in  the 
case  described  by  Professor  Cunningham. 
The  leading  features  of  the  present  skull  are — 

(1)  The  absence  of  simian  characters,  especially  in  the  face, 
except  as  regards  curvatures  and  proportions. 

(2)  The  absence  of  any  trace  of  injury  or  disease. 

(3)  The  disproportion  between  cranium  and  face,  the  former 
being  diminutive,  the  latter  of  almost  normal  sizfi. 

(4)  The  small  size  of  some  of  the  foramina  at  the  base. 

(5)  The  absence  of  synostosis  in  the  cranial  sutures,  except 
the  sagittal 

These  facts  point  to  microcephaly  of  the  cranium  being 
secondary  to  arrested  cerebral  development;  so  that  while  the 
brain  may  probably  have  presented  atavistic  characters,  yet 
such  peculiarities  of  the  skull  as  might  be  called  simian  are 
only  80  accidentally,  and  arise  out  of  the  necessary  changes  in 
curvature  involved  in  adapting  a  diminutive  calvarium  to  a 
basis  eranii  of  almost  normal  size.    The  mandible  is  missinc^. 

There  is  no  "taarked  peculiarity  in  the  face.  The  vertical 
depth  from  nasion  to  alveolar  point  is  a  little  below  the  average, 
and  the  face  is  also  SQmWhat  narrow  aud  pinched.  The  palate  is 
narrow  and  oblong^lmost  hypseloid,  but  is  not  deeply  vaulted,and 
is  without  any  trace  of  deficiency.  This  narrowness  may  be  due 
to  the  loss  of  the  molar  teeth,  whose  alveoli  are  almost  all  obliter- 
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ated,  and  the  alveolar  proceflses  are  sbrun&eD.  The  nose  is  vei^ 
promiuent.  the  projection  being  due  to  the  promtDence  of  the  angle 
between  the  anterior  margin  of  the  nasal  proceiB  and  the  body  of 
the  maxilla,  the  nasal  bones  being  normal :  the  orbits  are  also  oS 
about  Dormsl  size.  The  ghibella  is  very  prominent  and  rounded, 
aud  is  continued  tatersllj  into  the  superciliary  ^uinences  which 
extend  outwards  no  farther  than  the  faintly  marked  sapia- 
orbital  notches ;  from  this  point  to  the  external  angular  proces 
the  upper  mai^us  of  the  orbit  form  a  thin,  promiuent  cresL 
The  zygomatic  arches  are  sliortei-  and  the  passages  under  them 
smaller  than  usual,  but  they  are  as  thick  as  in  on  ordinary  male 


Fic.  I.— KortnsbcUlis. 

skull,  and  therefore  of  relatively  greater  strength.  The  tem- 
poral ridges  are  really  face  characters,  their  position  being 
dependent  on  the  size  of  the  temporal  muscle ;  they  are  at  the 
normal  height  above  the  zygoma,  and  indicate  temporal  muscles 
of  normal  size,  iu  agreement  with  the  other  structures  of  the  face, 
but  the  crauium  being  so  small,  there  is  but  a  small  distance 
(about  35  mm.)  between  the  temporal  ridges  and  the  sagittal 
suture,  and  tliis  gives  them  the  appeoraace  of  being  placd 
unusually  high. 

The  greatest  transverse  diameter  of  the  cranium  is  through 
the  mastoid  processes,  and  the  greatest  longitudinal  is  from  the 
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glabells  to  t^e  external  occipital  {Hotabenocc  Tbis  liiter 
pfomiuence  is  of  xmuBual  size.  Ibe  Itmgitaidina]  diameter,  froa 
tbe  glabella  to  the  point  on  the  occipbJ  bone,  which  ia  DomuHT 
the  greatest  diameter,  is  slightly  less  than  tbe  masimnm  iaazi- 
tadinal  diameter;  while  tbe  tnasverae  diameta'  tbnx^fa  the 
back  part  of  tbe  sqaamoos  booes,  whidi  is  nsoallT  tbe  n-jximnfn 
ia  very  oonsiderablf  less  than  that  tfanni^  the  mastoids ;  acd 
it  would  seem  that  a  truer  cephalic  index  for  compurifoa  with 
normal  akolls  will  be  obtained  from  these  measoremeDts  iktn 
from  those.  The  calvariom  is  dimintitiTe,  hot  otherwise  ik.«iiu!, 
except  in  so  tar  as  its  curvatnrea  are  altered  bf  ifAOg  pUi»d  •:«! 


I.  2. — Norma  literalii. 


a  basis  cranii  of  normal  dimensiotia.  There  is  no  sjucr^^rirj  is 
Miy  of  the  BUtares  except  tbe  a^ttal,  and  there  it  is  inoo::. p'.-rw. 
The  base  of  the  skull  presents  a  fairly  normal  appearance.  1].^ 
mastoids  and  external  occipital  protuberance  are  ex'^'-y.i'.-zji.'.y 
prominent;  the  coniiylea  are  on  a  lower  plane  than  ih-;  liias'.'-:  i 
process,  and  are  completely  visible  in  a  side  view  of  tht  =k::i;. 
The  external  anditory  meatus  is  short,  and  the  outer  fcn'J  of  ih.; 
tympanic  bone  directed  downwards,  aa  in  the  uLie  <i^:-rir^d  r  v 
ProtesBor  Cunningham.  The  foramen  magimmfia  Ur^"?,  of/"-  y 
normal  size;  of  tbe  other  foTamina,  the  carotid  and  j'l^ular  m- 
^ery  decidedly  Bmall,  the  latter  also  directed  furwanu  i<j  ,1:1 
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UQosual  degree,  and  the  jugular  fossa  is  very  small.  He 
foramen  ovale  is  small,  and  almost  circular.  The  anterior  con- 
dylar foramina  are  unusually  large. 

The  form  of  skull  suggests  a  brain  similar  to  those  described 
by  Professor  Cunningham,  with  full-sized  basal  portions,  and 
cerebral  hemispheres  ill  developed,  especially  in  the  occipital 
and  frontal  regions.    It  is  instructive  as  indicating  how  httle 


Fig.  S.— Norma  verticalis. 

one  can  predicate  the  prognathism  or  other  characters  of  the  face 
from  the  slope  of  the  brows  and  brain  case. 

The  measurements  are  as  follows : — 

Greatest  length,  i.e.,  from  glabella  to  external  occipital  pro- 
tuberance, 162  mm. 

Greatest  breadth,  i.e.,  between  mastoid  processes,  121  mm. 

Length,  corresponding  to  maximum  length  of  normal  skull, 
156  mm. 
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Breadth  at  usual  point  of  greatest  breadth,  103  mm. 
Biorfaital  width,  95  mm.    {KB.— the  skull  is  so  narrow  here 

that  the  zygomata  can  be  seen  from  above.) 
Baai-nasal  length,  94  mm. 
Basi-alveolar  length,  92  mm. 
Superior  facial  height,  67  mm. 
Least  frontal  width,  76  mm. 
Bistephanic  width,  65  mm. 
Biasterial  width,  105  mm. 
Biauricular  width,  95  mm. 
Bizygomatic  diameter,  112  mm. 
Nasal  height,  49  mm. 

Transverse  diameter  of  nasal  aperture,  22  mm. 
Basio-bregmatic  height,  108  mm. 
Capacity  in  com.,  650. 
Indices. 

Cranial,  from  maximum  dimensions,  747. 

Ditto,  from  measurements  between  usual  points,  66. 

Gnathic,  987. 

Nasal,  44-9. 

The  outlines  of  the  accompanying  figures  have  been  taken  with 
the  stereograph.  They  have  been  reduced  by  photography  to 
aboat  half  scala 


THE  MOEPHOLOGY  OF  THE  TEIANGULAE  CARTILAGE 
OF  THE  WRIST.  By  Edred  M.  Corner,  B.A-,  B^ 
Sidney  Sussex  College,  Cambridge. 

Ths  triangular  fibro-cartilage  of  the  wrist  may  be  one  of  two 
things, — a  carpal  element,  or  a  modified  portion  of  the  capsule  of 
the  joint  which  has  undergone  specialisation.  In  the  following 
notes  I  believe  that  the  evidence  which  I  have  collected  indicates 
that  this  structure,  in  a  sense,  is  both — that  it  is  built  on  a 
vanished  carpal  element ;  but  that  this  structure,  as  it  appears  in 
the  adult,  is  mainly  derived  from  the  capsule  of  the  joint. 

Owing  to  the  various  positions  assumed  by  the  elements 
entering  into  these  joints  in  different  animals,  I  have  used  the 
terms  flexor  or  palmar,  extensor,  radial  or  ulnar,  for  anterior 
posterior,  external,  and  internal  respectively.  I  have  examined 
the  wrist  joints  in  the  following  types : — tortoise,  ox,  sheep,  pig, 
dog,  cat,  monkey  (cercopithecus),  and  man,  both  adult  and 
foetal.  Of  all  these,  the  simplest  form  of  joint  is  that  of  the 
tortoise,  in  which  both  the  radius  and  ulna  participate  about 
equally,  articulating  directly  with  the  proximal  row  of  the  carpaJ 
bones.  The  modifications  shown  in  the  other  types  are  correlated 
with  variations  in  the  function  of  the  forelimb  as  regards  weight- 
bearing,  rotation,  or  amount  of  flexion.  When  the  first  of  these 
functions  predominates,  the  radius  becomes  relatively  larger  than 
theulua;  and  with  the  acquisition  of  the  power  of  pronation  and 
supination,  considerable  changes  take  place  in  the  arrangements 
of  the  ligaments.  The  modifications  in  the  wrist  in  each  of  these 
cases  is  related  to  corresponding  changes  in  the  elbow. 

The  ox*s  wrist  illustrates  the  modification  for  weight-bearing. 
The  ulna  does  not  enter  into  the  joint ;  and  although  this  bone 
reaches  the  wrist  in  the  sheep  and  pig,  yet  its  presence  has  not 
materially  affected  the  arrangements  of  the  ligaments.  In  none 
of  these  animals  is  there  any  trace  of  a  triangular  fibro-cartilage. 
In  the  wrist  of  the  dog  there  is  a  slight  amount  of  rotation  per 
raitted.     When  the  joint  is  opened  on  its  extensor  side  (fig.  2)- 
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two  ligaments  are  conspicuous  on  account  of  their  cmciform 
arraugementa 

1.  A  short  radio-carpal  ligament  {r.c\  arising  from  a  ridge  on 
the  ulnar  side  of  the  middle  of  the  flexor  sur- 
face of  the  radius,  aud  inserted  on  the  dexor 
aspect  between    the    scapho-lunar    and    the 
cuneiform  bones. 

2.  An  ulno-carpal  ligament  (u.c.)  from  the 
flexor  surface  of  the  ulua  at  the  base  of  the 
styloid  piocess  to  the  palmar  surface  of  the 
scapho-Iuiiar  boue.  A  slip  of  this  ligament 
goes  on  to  the  trapezium. 

The  triangular  cartilage  is  present  in  this 
joint  (figs.  1  and  2,  tx,).    Its  structure  is  mainlj 
fibrous;  and  it  is  attached  to  the  extensor 
e<^  of  the  radius  on  the  ulnar  side,  and  to  the  lower  lip  of 
the  sigmoid  facet  of  the  same  bone.     Its  flexor  border  is  semi- 
lunar and  free ;  its  extensor  edge  is  closely  connected  with  the 
extensor  ligament  of  the  wrist. 

In  the  cat  (fig.  3),  a  still  greater  amount  of  rotation  can  take 


Fin.  1.— Dog's  wri«'t. 
Sar&oes  of  mdios 
and  triangular  car- 
tilage seen  from 
below;  r.,  radius; 
u,,  ulna ;  t.e,,  tri- 
angular cartilage. 


»</ 


Fic.  2. — Dog's  wiist,  opened  from  be- 
hind; «./.,  scapho-lunar  bone;  I.e., 
triaiigular  cartilage. 


Fig.  3. — Cat's  wrist,  ot^ened 
from  behind  ;  p.,  pisiform  ; 
other  letters  as  I  efore. 


place,  and  the    structures   in  the  joint   show    the   following 
arrangements : — 

1.  The  radio-carpal  ligament  (r.c)  is  smaller  than  in  the  dog. 

2.  The  ulno-carpal  ligament  (u.c.)  is  connected  with  the  pLsi- 
form  bone  which  enters  into  the  wrist  joint,  but  its  other  attach- 
ments are  as  in  the  dog. 

The  triangular  cartilage  (t.c.)  is  larger  than  in  the  dog,  and 
has  similar  attachments,  but  its  flexor  edge  is  also  attached  to 
the  capsule  near  the  styloid  process  of  the  uhia. 
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In  the  monkey  (fig.  4),  pronation  and  supination  are  freer  than 
in  the  preceding  types,  and  the  styloid  process  does  not  articulate 

with  the  cuneiform  or  pisiform  bones,  as 
it  does  in  them.  The  ligaments  are  aa 
follows : — 

1.  The  radio-carpal  band  is  as  in  the 
cat,  but  a  part  of  it  is  inserted  into  the 
radial  third  of  the  flexor  edge  of    the 

Fio.   4. -Monkey's  wriat  triangular  cartilage, 
frum  behind.  2.  The  ulno-carpal  ligament  arises  from 

the  base  of  the  styloid  process,  and  is 
inserted  into  the  palmar  surface  of  the  semilunar  bone. 

The  triangular  cartilage  (/.c.)  is  attached  as  in  the  cat,  bat  has 
a  smaller  attachment  to  the  extensor  edge  of  the  radius,  its 
extensor  margin  being  attached  to  the  corresponding  part  of  the 
capsule.  Its  flexor  edge  is  attached  to  the  ulno-carpal  ligament 
near  the  base  of  the  styloid  process,  and  to  the  radio-carpal 
ligament  near  the  radius.  These  ligaments  have  been  described 
by  Mr  Arthur  Keith  in  this  Journal,  vol  xxviiL  p.  149. 

In  the  human  wrist,  in  which  pronation  and  supination  are 
more  perfectly  capable  of  taking  place,  the  following  points 
are  noticeable : — 

1.  The  radio-carpal  ligament  is  as  in  the  monkey;  but  its 
radial  attachment  is  very  small,  and  it  is  mostly  connected  with 
the  flexor  edge  of  the  triangular  cartilage. 

2.  The  ulno-carpal  ligament  is  fused  with  the  cartilage,  from 
which  it  can  only  be  separated  by  an  artificial  dissection.  This 
ligament  can  be  seen  in  sections  of  the  foetal  wrist.  The 
fibro-cartilage  in  man  is  intimately  attached  both  to  the  flexor 
and  to  the  extensor  parts  of  the  capsule. 

Mr  Keith  has  described  the  ulno-lunar  ligament  as  absent  in 
man :  it  is  really  present,  but  inclosed  in  tough  fibro-cartilagin- 
ous  tissue.  I  have,  however,  seen  it  much  more  distinct,  and 
easily  separable. 

Professor  Leboucq  of  Ghent,  in  his  papers  on  the  morphology 
of  the  carpus,^  has  described  the  development  of  the  triangular 

'  Bulletin  deP  Academie  royale  dee  Sciences  de  BelgiquCy  T.  iv. ,  No.  8,  p.  170, 
1882  ;  Archives  de  Biologic,  T.  v.,  p.  85,  1884  ;  Anatomischer  Anzeiffcr,  1886, 
p.  17. 
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cartilaga  The  first  trace  which  he  finds  is  a  cutilaginoDs 
Dodnle  (%  6,  m)  in  a  band  of  tissue  joinii^  the  styloid  ytoeeoR 
of  the  nlna  with  the  semilnnar  bone  (/.).  This  is  present  in  the 
fcBtoB  of  t^e  3rd  and  4th  months,  bnt  disappeus  later.  The 
band  of  tissoe  in  which  this  nodule  is  developed  is  also  attached 
to  the  lower  end  of  the  radius,  and  its  attachment  to  Uie  Bemi- 


Fio.   E.— Seetica   of  wrist  rf  a  Ttn.     J.  —  SeetioD    i 

third  inoiilh  fictaa,  sbowinf  the  wrist   in    a   feortb- 

lempont;  csrtiUge  (ea, ).  uionth  Ixtao. 

l\iQai  bone  disappears  later.  He  coosiden  this  nodole  to  lepre- 
aent  the  proximal  extremity  <A  the  pisiform  digit  of  Gegenbaor 
and  Wiedersheim,  and  to  be  intercalated  b^weea  the  slna  and 
the  caneiform  on  the  palmar  side. 

The  sections  which  I  have  made  are  in  exact  «coord  with 
Profeean'  Leboocq'e  description  (tee  6ga.  5,  7,  and  8).  The 
nodule  which  is  distioct  in  the  foetns  of  the  fourth  month  is  not 
Kcognisable  in  the  fifth  month,  and  t?  that  time  alto  the  Wnd 


Fio.  7.  —Section  of  wrist  in  a  Toitrth- 
nionth  Cj-tas,  sbowing  tba  tem- 
ponrj  cutilage  (e.a.> 

oonnectiDg  the  semilunar  to  the  ulnar  styloid  has  disappeared, 
except  at  the  radial  palmar  part. 

By  ((KUparing  serial  sections  of  the  wrist  at  the  fifth  mwith 
the  nko^arpal  ligament  can  be  distinctly  isolated,  passing  from 
the  styloid  process  to  the  semilunar  bone ;  also  its  radial  attach- 
ment is  extremely  thin  at  its  central  part 
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Summing  up  the  deductious  which  may  be  drawn  frous  tbea 
otservatioDB,  it  appears  that  we  must  aBcribe  a  doable  origin  f 
this  structure.  Ita  first  germ  was  probably  tlie  rudinaenta 
carpal  element  of  the  vestigial  pisiform  digit :  this  only  accounti 
for  a  very  small  part,  if  auy,  of  the  structure  which  survives  ii 
the  adult,  by  far  the  larger  part  of  which  is  derived  from  tlM 
articular  capsule.  Tlie  lower  radio-uluar  joint  is  a  Buirt  ot 
swivel,  arouud  which  fasciculi  of  the  capsular  ligament  are 
arranged,  attached  to  the  styloid  process.  As  the  capacity  for 
rotation  develops,  these  fascicles  are  dr^ged  into  tiie  joint  both 
from  the  flexor  and  from  the  extensor  side.  These  elements 
are  sometimes  unequally  developed,  as  in  the  dc^,  in  which,  oa 
account  of  tJie  flexor-ward  twist  of  the  styloid  process,  the 
cartili^  is  especially  connected  to  the  extensor  side,  and  is  free 
on  the  flexor  side.     In  the  small  series  which  I  have  examined. 


Fio.  g.— Palmkr  |«Tt  uf  Gftli-iDODth  fretqs.     Origin  att^eJ.  is  not  in  section. 

the  gradual  absorption  of   the  two  ligamentous  bands  is  well 
illustrated. 

This  double  nature  of  the  fibro-cartilage  suggests  an  explana- 
tion of  the  cases  of  perforation  of  the  cartilage  occasionally  met 
with.  Professor  Shepherd  of  Montreal  notes  that  the  perfora- 
tion is  frequently  pathological,  but  it  also  occurs  in  healthy 
joints  (see  this  Joui-tioI,  voL  xxv,  p.  349).  It  has  been  noticed 
that  the  structure  of  this  element  varies  in  different  situations, 
being  more  purely  cartilagiuoua  at  ita  radial  attactiment,  and 
more  purely  fibrous  towards  ita  margins  (Morris,  Anatomy  of 
J'liiitu,  p.  1^63).  The  fact  of  the  articulation  of  the  semilunar 
bone  with  the  cartilage  is  mentioned  in  few  text-books,  although 
sometimes  figured.  This  has  been  referred  to  by  Professor 
Shepherd.  My  sections  show  that  in  the  third  and  fourth 
months  the  cartilaginous  semilunar  articulated  with  the  radius 
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only,  and  does  not  touch  the  triangular  cartilage  until  the  fifth 
month  (figs.  6  and  8). 

The  elements  which  thus  appear  to  make  up  this  structure 
are — (1)  the  two  bands  of  the  capsule  interjected  into  the  joint 
as  its  capacity  for  rotation  increases,  and  (2)  between  them  the 
vestigial  tissue  which  once  indicated  the  existence  of  the  carpal 
element  of  the  vamsbed  ulnar  digit. 


5  THYMUS  GLAND  IN  THE  MAKSUPIAUA.'       By 

Johnson  Stbhgtcm,  M.D.,  Profesaor  of  Anatomy,  Qtteen'* 
CoUege,  Bdjasi. 

■h&  year  1845  John  Simon   publifibed  a  work  entitled    -^ 
tiologieal  Essay  on   the  Thymus  Gland,  which  contained  « 
iter  specially  devoted  to  the  comparative  anatomy  of  tiiiM 
■n.     Previous  to  his  researches,  the  view  that  the  thymus  wa* 
Dt  in  the  marsapialia  had  been  maintained  hy  such  aatliori- 
88  Vicq-d-Azyr,  de  BlaiiiviUe,and  R  Owen  ;  and  even  in  1871 
Jey,  in  his  Anatomy  of  VertdmUed  Animals,  when  describ- 
the  cbaractera  of  the  didelphian  gronp  of  mammalB,  wrote : 
e  fcetuB  is  said  to  poeseaB  a  Urge  nmbihcal  sac  ...  .  and  to 
levoid  of  a  thymus  gland  "  (p.  280).     Simon,  however,  found 
t  he  believed  to  be  a  UiymuB  or  its  remains  in  the  following 
ibers  of  this  group  of  mammals,  viz.,  Didelphys  opossum, 
imeles  obesus,   Fhalangista   cavifrons,  Fhalangista  vulpina, 
^Iphys  pignuea,  Hypaiprymnus,snd  a  pouch  specimen  of  Macro- 
major.     The  two  species  of  Hialangista  and  the  Didelphys 
osea  were  adults,  the  Didelphys  opossum  and  the  Perameles 
9  probably  young  animala :  the  Hypsiprymnus  he  described  as 
wg,'  and  the  Macropus  major  as  '  a  mammary  foetua' 
Q  all  these  animals  the  thymus  gland  occupied  what  mi^t  be 
,rded  as  the  typical  mammaUan  position,  being  situated  in  the 
'ax  in  front  of  the  trachea  and  the  great  vessels ;  and  in  Borne 
s  extending  downwards  over  the  upper  part  of  tiie  pericar- 
a     It  did  not  present,  in  any  of  them,  a  distinct  cervical 
ongation.    Simon's  work  contained  figures  showing  the  form 
relations  of  the  thymus  in  Didelphys  opoasum,  FhalangiBia 
>ina,  and  Macropus  major.    In  the  Didelphys  he  stated  that 
e  thymus  may  be  found  (fig.  20)  to  consist  of  two  symmetrical 
«,  broader  above  than  below,  and  having  their  chief  diameter 
he  vertical  direction :  they  cover  the  upper  thii-d  of  the  peri- 
lium,  and  reach  to  the  level  of  the  upper  edge  of  the  sternum " 
'  Read  betbro  the  Anatomical  Society  on  the  SSth  NoTamber  1867. 
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(p.  35).  He  also  wrote, ''  In  a  nearly  full-grown  Fhalangista  yoI- 
pina  (fig.  21)  I  diflcovered  a  distinct  rounded  remnant  situated  on 
the  veflBels  a  little  above  the  heart " ;  and  in  the  mammary  f cetua 
of  a  kangaroo  (Macropus  major), "  I  found  the  gland  occupying  a 
positioii  somewhat  above  the  heart,  and  having  a  remarkably 
trifoliate  division  "  (fig.  22). 

The  conclusions  of  Simon, "  that  there  is  no  essential  difference 

as  regards  this  organ  between  the  present  and  any  other  fimiily 

of  maomuf erous  animaJs,"  appears  to  be  fully  justified  by  the 

results  of  these  observationa     Althou^  it  is  more  than  fifty 

years  since  Simon's  work  appeared,  the  anlj  additional  observation 

on  the  thymus  in  the  marsuioals  that  I  have  found  recorded  is 

one  hj  Professor  Windle  and  Mr  Parsona^    In  describing  the 

anatomy  of  Macropus  rufus  they  state  that,  in  a  pouch  qiecimen 

of  this  animal,  which  measured  13  inches  from  the  snout  to  the 

root  of  the  tail,  the  thymus  "  occupies  its  usual  position :  it  con- 

sisiB  of  two  lobes,  each  of  which  is  about  75  mm.  in  length  "  (p. 

130). 

Last  sammer,  when  working  in  Professor  Wiedersheim's  labora- 
tory in  the  Anatomical  Institute  of  the  University  of  Freiburg,  I 
was  sorprised  to  discover  two  large  lateral  lobes  of  a  thymus 
gland  m  a  series  of  sections  which  I  had  made  throu^  the  neck 
of  a  pouch  specimen  of  a  Macropus.  These  lobes  were  situated 
iu  the  ventral  part  of  the  neck,  immediately  beneath  the  skin  and 
platyBma,  and  superficial  to  the  stemo-mastoids  and  the  depressors 
of  the  hyoid  bone.  They  had  no  connection  with  any  other 
thymus  mass;  indeed,  there  were  no  other  collections  of  thymus 
tiafsoe  to  be  seen  ia  the  series  of  transverse  sections  through  the 
neck  The  existence  of  a  thymus  in  this  position  was  quite  new 
to  me,  and  also  to  Professor  Wiedersheim,  who  kindly  examined 
myspecimena 

As  the  marsupialia  present  so  many  anatomical  points  distin- 
goiahing  them  from  other  mammals,  it  appeared  possible  that  this 
position  of  the  thymus  might  be  peculiar  to  and  characteristic  of 
them;  and  further,  as  the  exact  development  and  subsequent 
history  of  the  thymus  are  still  imperfectly  known  in  many 
mammals,  it  seined  advisable  to  invest^te,  as  far  as  material 

*  "On  the  Anatomy  of  Macropos  Tafos,"  Jour,  of  AnoL  and  Phyt.,  vol.  xzxiL 
put  I,  Oct  1897. 
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snnitted,  the  anstomy  of  the  thymus  in  the  variouB  mareupial 
.milies.  The  following  uotea  give  the  results  of  my  work  in 
dsdirectioD. 

Macropod-e. 

Pouch  specinwiu. — I  have  examined  eleven  pouch  specimens 
ilonging  to  this  class.  They  varied  in  size  from  the  amaUest, 
ith  a  head  length  (distance  from  tip  of  nose  to  back  of  head)  d 
5  cm.,  to  one  with  a  head  length  of  65  cm.  Unfortunately,  J 
n  not  certain  as  to  the  species  of  the  individual  specimens,  since 
Ley  were  sent  me  some  years  ago  from  New  South  Wales,  witb- 
it  any  definite  particulars  as  to  the  sources  from  which  they 
ere  obtained,  but  I  have  reason  to  believe  that  most  of  them 
ilong  to  Macropus  Bennett!  Of  these  eleven  specimens,  four 
ere  examined  microecopically  after  being  embedded  in  paraflTn 
id  the  sections  mounted  serially ;  the  remaining  seven  were 
Bsected,  and  in  several  of  these  the  structures  supposed  to  be 
ymus  were  removed,  and  this  opinion  tested  by  an  examination 

their  minute  structure.  In  two  of  the  fcetuses  the  thoracic 
scera  had  been  taken  out,  but  in  all  of  them  the  neck  was  in 
od  condition.  It  is  unnecessary  to  enter  into  a  detailed 
scription  of  each  specimen,  as  the  position  and  relations  of  the 
ymus  were  essentially  the  same  in  all. 

The  thymus  consisted  of  two  completely  separate  and  in- 
^pendent  portions,  which  may  be  termed,  from  their  respective 
flitioDs,  thoracic  and  cervical,  and  in  almost  every  case  it  was 
ry  easy  to  distinguish  two  lateral  lobes  in  each  I'egion. 
The  two  lateral  lobes  of  the  thoracic  thymus  were  placed  in  the 
perior  mediastinum  on  the  ventral  aspect  of  the  trachea  and 
eat  vessels,  and  in  young  mammary  fcetuses  were  so  small 
it  they  were  difficult  to  recognise  in  an  ordinary  dissection, 
g,  1  shows  a  transverse  section  through  the  thorax  of  a  pouch 
jcimen  of  Macropus,  in  which  the  thoracic  thymus  is  divided, 
e  length  of  this  fuBtus  from  snout  to  root  of  tail  was  2'3  cm., 
i  its  head  length  7'o  mm.  Each  lateral  lobe  formed  a  rounded 
]y  al«jut  S  mm.  in  diameter. 
The  thoracic  thymus  does  not  appear  to  grow  very  fast,  or  ever 

attain  a  lai^  size.  In  a  specimen  whose  length  from  the  tip 
the  nose  to  the  root  of  the  tail  was  10  cm.,  each  lateral  lobe 
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IS  oni/  -3  cm.  loi^ ;  in  one  17  cm.  it  was  -6  cm. :  and  in  «  aill 


Fig.  l.-S,  Stemiira;  B.V,  body  of  Tertebfa  :  R.L,  right  l«Ural  I./w  ', 
thiniDs;  Tr.  tnctiea;  <E.  ceaoplugaa:  R.S.V.C,  right  sujjeri<>r  n 
C.C,  ccetal  cartiUges ;  S.U,  iterno-hytdd  moscU. 

lan^  ^cimen  the  gland  was  about  1  lan.  long.     Wii 
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Paisons  ^  describe  the  thoracic  thymus  as  75  mm.  in  lengOi 
a  specimen  of  Macropus  rufus  which  measured  13  inches  from 
snout  to  the  root  of  the  taiL     If  this  statement  were  correct, 
thymus  would  be  much  larger  in  comparison  with  the  gene: 
size  of  the  animal  than  in  any  of  my  specimens,  but  in  answer 
my  inquiries  the  authors  have  kindly  looked  up  their  notes  ani 
found  that  75  mm.  is  a  misprint  for  7 '5  mm. 

The  cervical  thymus  was  readily  found  in  all  the  eleven  pom 
specimens,  although  its  existence  appears  to  have  been  hitii< 
entirely  overlooked.  As  a  rule,  it  is  at  least  twice  as  hage 
the  thoracic  thymua  Its  lateral  lobes  were  usually  seen  to 
in  close  contact  near  the  sternum,  where  one  frequently  over 
lapped  the  other,  but  above  they  diverged  somewhat.  Th 
relation  of  the  cervical  thymus  to  the  integument,  and  to  vario 
structures  situated  on  the  ventral  aspect  of  the  vertebral  column, 
is  shown  in  fig.  2,  which  is  from  a  photograph  of  a  <  transverse 
section  through  the  neck  of  a  Macropus  8  cm.  loi^,  head  le 
2*8  cm.  Each  lateral  lobe  is  seen  to  be  composed  of  a  number 
of  lobules  which  show  a  division  into  a  cortical  and  a  medullaiy 
area,  the  latter  being  less  deeply  stained.  In  the  medoUaiy 
portion  of  the  lobules  there  are  a  number  of  typical  Hassall's 
corpuscles. 

In  all  my  specimens  except  the  smallest,  the  thymus  tormei  a 
flattened  mass,  with  a  ventral  or  superficial  and  a  dor^  or  deep 
surface,  and  extended  from  the  submaxillary  gland  to  tJi^.steraunL 
Below,  it  usually  covered  a  small  part  of  the  presternum  and 
clavicles  and  the  adjacent  portions  of  the  great  pectoral  muscles;  ^ 
while  its  upper  end  was  internal  and  dorsal  to  the  submaxillarj 
glands.  Its  outer  border  was  close  to  the  shoulder  and,  higher 
up,  sometimes  touched  the  parotid  gland.  In  the  greater  part 
of  its  extent  it  was  subcutaneous,  only  a  thin  platysma,  in 
addition  to  the  skin  and  fascia,  separating  it  from  the  surface. 
The  sterno-mastoid  muscles  and  the  depressors  of  the  hyoid  bone 
were  close  to  its  deep  surface. 

Windle  and  Parsons,  in  their  paper  already  referred  to,  give  a 
sketch  (see  fig.  2,  p.  132)  of  the  ventral  aspect  of  the  neck  of  a 
foetal  Macropus  ruf u&  In  this  figure  they  show  the  two  lateral 
lobes  of  a  cervical  thymus,  but  they  have  quite  overlooked  their 

^  Op,  cU.,  p.  180. 
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'true  nature,  describing  them  as  extra  salivanr  ^inds.  Tli^ 
■  Stnictnres  marked  in  the  same  figure  '  sablingnal '  glands  are 
eridently  the  submaxillary  glanda 


fii;.  "L-iLL  ind  L.L,  riglit  and  left  UUnI  lobet  of  tU«  cervical  ibwiu :  S. 
Kptnni  of  connecCiTe  tiuue  betireen  them;  S.C.M.  itrtiio-clfid','m9^-...<j 
iDiucU ;  Tr,'  trachea ;  (E,  itsojihagua ;  CI,  clavicle  ;  Sk,  sltin  ;  P,  i-IitviDii ; 
V.C,  rertebral  column. 

Adnlt  animals. — Of  course,  the  principal  point  to  be  det^r- 
raiofd  by  the  examination  of  adult  specimens  was  whether  ihe 
gland  persisted  throughout  life,  or,  as  in  so  many  mammals, 
nnderwent  more  or  less  complete  atrophy.  I  have  dissected  two 
specimens  of  Bennett's  wallaby :  and  Professor  Melville  I'att-rson, 

TOL  XXXH.  (S.S.  VOL.  Xll.)  T 
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of  University  College,  Liverpool,  has  kindly  sent  me  a  description 
and  drawing  of  a  dissection  of  the  neck  of  a  Macropus  giganteus. 
For  one  of  the  specimens  of  Macropus  Bennetti  I  am  indebted  to 
Mr  F.  E.  Beddard,  F.R.S.,  and  it  was  particularly  useful  for  my 
purpose,  as  its  age  was  known.  It  was  entered  in  the  books 
of  the  Zoological  Society  of  London  as  having  lieen  born 
on  the  22nd  May  1889,  and  it  died  in  the  gardens  on  the  29th 
August  1897,  so  that  it  was  more  than  eight  years  old  at  the 
time  of  its  death.  The  unimal  was  rather  fat.  In  the  thorax 
there  was  an  accumulation  of  fatty-looking  tissue  in  the  usual 
position  for  the  thymus.  Several  pieces  of  this  were  examined 
microscopically,  but  no  thymus  tissue  found.  The  cervical 
thymus  was  embedded  in  fat,  and  had  undergone  partial  fatty 
degeneration,  and  the  limits  of  its  two  lobes  were  indistinct. 
On  microscopic  examination,  however,  typical  thymus  tissue  was 
found  in  several  places. 

The  other  specimen  was  sent  to  me  by  Dr  Berry  Hart.  It 
consisted  of  the  thorax ;  and  as  the  head  and  neck  had  been 
removed  by  a  transverse  cut  immediately  above  the  sternum,  I 
had  no  opportunity  of  examining  the  cervical  thymus.  The 
thoracic  viscera  were  in  good  condition,  and  the  thjmus  appeared 
tis  two  lateral  lobes,  nearly  touching  one  another  in  the  mesial 
plane.  Each  lateral  lobe  was  of  a  flattened  oval  form,  with  the 
narrow  end  towards  the  neck,  and  measured  1"3  cm.  in  length 
and  *8  cm.  in  breadth.  They  were  situated  on  the  ventral  aspect 
of  the  trachea  and  great  vessels. 

Professor  Paterson's  specimen  of  Macropus  giganteus  was  a 
large  adult,  but  its  exact  age  was  not  known.  The  cerWcal 
thymus  (see  T.  fig.  3)  consisted  of  two  distinct  portions,  lying  one 
on  either  side  of  the  middle  line.  Each  lateral  lobe  was  found 
under  cover  of  the  platysma,  invested  by  a  thin  sheath  of  the 
deep  fascia,  and  resting  uj)on  the  lower  part  of  the  corresponding 
sterno-eleido-mastoid  muscle  :  it  was  3  cm.  long  and  2  cm.  broad, 
but  very  thin.  It  is  evident  that  in  this  animal  the  thymus  had 
not  grown  as  fast  as  the  neck  generally,  imless  in  this  particular 
Macropus  the  thymus  is  relatively  much  smaller  than  in  the 
poucli  specimens  I  have  described.  Thus,  the  distance  from  the 
lower  border  of  the  cricoid  to  the  episternal  notch  was  l*>-3  cm., 
and  the  gland  was  only  3  chl  long,  whereas,  in  my  pouch  spevi- 
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mens,  the  thymuB  slightly  overlapped  the  sternum  below,  and 
reached  to  the  level  of  the  thyroid  cartilage  above.  Again,  ii* 
the  pouch  specimens,  the  two  lateral  lobes  were  in  contact  with 
one  another,  and  here  the  distance  between  them  was  2  cm. 

rHALANGISTID^E. 

In  this  family  I  have  made  microscopic  sections  of  two  young 
specimens,  for  one  of  which  I  have  to  thauk  Professor  Wiedere- 
heim.  Both  were  probably  vulpine  phalaugers.  The  smallest 
of  these  specimens  measured  from  the  front  of  the  head  to  the 
root  of  the  tail  20  mm.  and  its  head  length  was  7  mm.;  the  corre- 
sponding dimensions  of  the  other  fcetiis  being  30  mm.  and  13 
mm.  It  is  unnecessary  to  enter  into  any  description  of  the 
thymus  in  these  specimens,  as  it  was  practically  identical  with 
that  found  in  the  young  pouch  kangaroos. 

I  have  dissected  two  adult  vulpine  phalangers  (Trichosurus 
vulpecula).     I  am  indebted  to  Professor  Charles  Stewart,  F.E.S., 


^■X.*^' 


FlO.  4.— Vontral  ■sjicct  of  the  neclt  of  «n  adult  vulpine  phalanger  (Tricliosurns 
vulpecula).  Skin,  platyama,  and  part  of  parotid  glands  rellected.  C.T,  left 
loW  of  cervieal  thymus  ;  S.G,  left  Bubma:tillary  uland,  A  piece  had  been 
cut  out  of  the  right  lobe  for  microscopic  eiaiuiDation, 

for  the  opportunity  of  examining  one  of  these ;  the  other  was 
from  my  own  collection.  On  dissecting  the  front  of  the  neck  in 
these  animals  the  parotid  gland  was  found  to  reach  down  as  far 
as  the  shoulder  and  clavicle,  and  to  extend  forwards,  as  a  thin 
tlat  mass,  to  the  median  plane,  where  in  several  places  the  glands 
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of  opposite  sides  appeared  to  be  coatinuous.  On  reflecting  these 
glands  and  a  layer  of  deep  fascia,  the  cervical  thymus  was  found 
to  consist  of  two  distinct  lateral  lobes,  which  reached  within  half 
an  inch  of  the  sternum,  and  were  overlapped  above  by  the  sub- 
maxillary glanda  In  my  specimen  each  lobe  formed  a  somewhat 
oval  flattened  mass  20  mm.  long  and  12  mm.  broad,  and  its  deep 
surface  was  in  relation  with  the  depressor  muscles  of  the  hyoid 
and  the  sterno-cleido-mastoid  muscle.  The  two  lateral  lobes 
were  about  4  mm.  apart. 

In  the  thorax  there  was  a  thymus,  the  two  lateral  portions  of 
which  were  in  contact,  the  left  covering  slightly  the  adjacent 
portion  of  the  right  lobe.  It  was  more  than  half  the  size  of  the 
cervical  thvmus. 

PHASOOLOMYIDiE. 

I  liave  not  succeeded  in  obtaining  any  pouch  specimens  of  the 
wombat,  but  have  dissected  the  thymus  in  three  adults.  Two  of 
these  I  examined  with  Professor  A.  H.  Young  in  Tlie  Owens 
College,  Manchester,  and  the  third  was  sent  me,  immediately  after 
its  death,  from  the  Dublin  Zoological  Gardens,  by  Professor  D.  J. 
Cunningham.  In  all  these  animals  the  cervical  thymus  had 
essentially  the  same  position  and  relations  as  in  the  phalangers 
and  kangaroos  The  skin,  a  well-developed  platysma,  and  a 
distinct  sheath  of  deep  fascia  formed  their  superficial  covering. 
The  inner  borders  of  the  two  lateral  lobes  were  parallel  with  the 
median  plane,  and  separated  from  one  another  by  a  distance  of 
nearly  an  inch.  Each  lateral  lobe  resembled  the  corresponding 
body  in  the  vulpine  phalanger,  and  differed  from  that  of  the 
Macropus  giganteus  dissected  by  Professor  Paterson,  in  being  in 
close  relation  with  the  submaxillary  gland.  Each  lobe  was  about 
3  mm.  thick ;  their  lengths  in  the  three  specimens  were  respec- 
tively 45  mm.,  38  mm.,  and  32  mm.,  and  breadths  37  mm.,  32 
mm.,  and  25  mm. 

In  the  specimen  sent  me  by  Professor  Cunningham,  I  opened 
the  thorax  and  found  some  loose  fat  in  front  of  the  large  vessels 
and  the  upper  part  of  the  pericardium.  In  this  fat,  on  the  right 
side,  there  was  an  irregularly  shaped  thymic  lobule  about  18  mm. 
long,  but  I  could  not  find  anything  resembling  the  thymus  on  the 
left  side. 
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DiDELPHYIDiE. 

My  material  belonging  to  this  family  consisted  of  four  Bpecimen& 
of  Didelphys  virginiana. 

^  1.  A  young  pouch  specimen  presented  to  me  by  Professor 
Wiedersheim.  Its  length  from  the  front  of  the  head  to  root  of 
the  tail  was  25  mm.  and  its  head  length  12  mm. 

2.  A  hairy  pouch  specimen.  Its  total  length,  excluding  tail, 
was  9  cm.,  and  its  head  length  4  cm. 

3  and  4.  Two  adults,  for  the  younger  of  which  I  have  to  thank 
Dr  Berry  Hart. 

In  No.  1  the  thorax  and  the  head  and  neck  were  embedded 
in  paraffin  and  all  the  sections  mounted  serially;  the  other 
specimens  were  dissected.  In  none  of  them  could  I  find  the 
slightest  trace  of  a  cervical  thymu& 

In  the  smaller  pouch  specimen  the  thoracic  thymus  was  well 
developed,  being  relatively  much  larger  than  in  any  of  the  Macro- 
podidae  examined.  It  extends  from  the  level  of  the  top  of  the 
sternum  caudad,  so  as  to  cover  the  upper  part  of  the  peri- 
cardium and  auricles.  At  its  two  extremities  it  showed  a 
division  into  lateral  halves,  but  the  intermediate  portions  had 
blended  to  form  a  lobulated  mass  in  the  transverse  sections,  of 
which  there  were  no  traces  of  a  median  connective  tissue  septum. 

In  each  of  the  remaining  three  specimens  the  thoracic  thymus 
was  easily  found,  but  it  was  of  small  size,  and  only  partially 
divided  into  two  lateral  lobes. 

I  regret  that  I  have  not  been  able  to  examine  specimens 
belonging  to  the  two  remaining  families  of  the  marsupialia,  viz., 
the  Peramelidse  and  the  Dasyuridse.  It  will  be  noticed  that  it 
has  been  shown  that  in  the  three  families  forming  the  diprotodont 
division  of  the  marsupialia,  the  thymus  consists  of  two  parts — a 
thoracic  and  a  cervical,  the  latter  being  the  larger,  and  forming 
two  lateral  lobes,  which  occupy  a  superficial  position  in  the 
ventral  part  of  the  neck,  and  are  entirely  distinct  from  the 
thoracic  thymus.  In  the  polyprotodont  group  I  have  only 
examined  one  family,  viz.,  the  Didelphyidse,  and  in  this  the 
cervical  thymus  is  entirely  absent  even  in  a  young  pouch  speci- 
men.    It  will  be  of  interest  to  see  if  the  Peramelidae  and  the. 
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Dasyuridae  agree  witli  the  Didelphyidie  in  the  arrangement  of 
their  thymus,  or  show  affinities  in  this  respect  with  the  diproto- 
dont  families.  The  DasyuridsBare  generally  regacded  as  the  most 
primitive  of  the  marsupials,  and  the  family  includes  the  most 
typical  carnivores.  Should  ihe  cervical  thymus  be  found  absent 
in  them,  it  cannot  be  regarded  as  a  character  of  the  primitive 
marsupial  type,  but  one  that  has  been  acquired  in  the  more 
specialised  diprotodonts,  possibly  in  association  with  their 
vegetable  diet  and  the  call  for  a  larger  amount  of  thymic  tissue. 

In  this  connection  it  is  of  interest  to  note  that  in  the  carnivora 
of  eutherian  mammals  the  thymus  is  generally  small,  usually 
confined  entirely  to  tlie  thorax,  and  atrophies  early.  In  the 
ungulates,  on  the  other  hand,  it  is  often  of  large  size,  is  situated 
both  in  the  thorax  and  the  neck,  and  frequently  persists  in  the 
adult.  This  cervical  portion  differs,  however,  in  several  important 
respects,  in  its  position  and  relations,  from  the  cervical  thjTnus 
of  marsupiala  Thus,  in  the  calf  it  begins  in  front  as  two  lateral 
portions,  which  lie  in  close  relation  with  the  corresponding  sub- 
maxillary glands.  These  two  parts  pass  backwards  and  inwards 
to  reach  the  ventral  surface  of  the  trachea,  where  they  unite  to 
form  a  thick  mass  situated  on  the  deep  aspect  of  the  depressor 
muscles  of  the  hyoid  bone.  From  this  a  thin  process  goes  backwards 
into  the  thorax,  and  becomes  continuous  with  another  enlarge- 
ment which  is  in  relation  with  the  pericardium.  It  thus  differs 
from  the  marsupial  organ  in  lying  on  a  deeper  plane,  in  becoming 
continuous  with  the  thoracic  thymus,  and  in  showing  a  decided 
tendency  for  the  two  lateml  parts  to  fuse. 

It  does  not  fall  within  the  scope  of  this  paper  to  refer  to  the 
large  mass  of  literature  dealing  with  the  development  of  the 
thymus  in  the  various  classes  of  the  Vertebrata,  but  there  are  a 
few  points  of  interest  bearing  upon  its  condition  in  the  mar- 
supialia  which  may  be  briefly  noticed.  The  thymus  is  develop- 
mentiilly  a  bilateral  organ,  and  each  half  possesses,  as  a  rule,  a 
multiple  oiigin.  Thus,  in  the  skate  it  arises,  according  to  Dohrn 
and  others,  by  epithelial  diverticula  from  all  the  five  functional 
gill-clefts ;  and  although  the  number  of  these  diverticula  tends  to 
iliminish  with  the  reduction  in  number  and  early  disappearance 
of  l^ese  clefts,  yet  even-  in  mammals  it  probably  takes  origin  from 
the  4th  as  well  as  the  3rd  pair  of  clefta     The  complete  separa- 
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■tion  of  the  thoracic  and  cervical  portions  of  the  thymus,  even  in 
young  pouch  marsupials,  suggests  the  probability  that  they  have 
a  different  origin, — one  arising  from  one  cleft  and  the  other  from 
another.  Further,  the  superficial  position  of  the  cervical  thymus 
may  be  associated  with  the  origin  from  the  epiblastic  rather  than 
the  hypoblastic  portion  of  the  clefts.  These  questions,  however, 
must  remain  matters  of  speculation  until  some  one  with  oppor- 
tunities for  obtaining  suitable  material  investigates  the  very  early 
stages  in  the  development  of  the  thymus  in  the  marsupialia. 

It  is  probable  that  the  thymus  is  represented  in  many 
mammals,  especially  during  early  foetal  life,  by  several  separate 
and  independent  bodiea  Kohn^  has  shown  that  in  various 
mammals  there  are  two  small  masses  of  *  adenoid '  tissue,  closely 
united  with  each  lateral  lobe  of  the  thyroid.  These  masses  have 
the  structure  of  ordinary  thymus  tissue,  including  the  epithelial 
nests,  or  the  so-called  HassalFs  corpuscles.  More  recently,  I- 
have  described  the  existence  in  a  foetal  sloth  of  a  relatively  large 
thymus  lobule  situated  on  the  dorsal  aspect  of  each  lateral  lobe 
of  the  thyroid,  but  not  closely  connected  with  the  thyroid. 

None  of  ray  marsupial  specimens  were  sufficiently  young  to 
show  whether  or  not  their  thymus  is  developed,  like  ordinary 
mammals,  as  an  organ  composed  of  epithelium  arranged  to  form 
hollow  tubes.  In  some  of  them,  however,  it  had  not  acquired  its 
typical  structure.  Thus,  in  my  youngest  Macropua,  which  had  a 
liead  length  of  7*5  mm.,  the  thymus  contained  no  Hassairs  cor- 
puscles, and  the  majority  of  the  cells  appeared  to  me  to  be  of  an 
epithelial  type,  and  in  a  few  places  they  formed  distinct  tubes. 
In.  the  young  pouch  specimen  of  Didelphys  virginiana,  in  which 
the  head  was  12  mm.  long,  the  majority  of  the  cells  were  lymphoid 
in  appearance,  but  there  were  groups  of  epithelial-Jike  cells,  and 
in  various  sections  epithelial  nests  in  process  of  formation  could 
easily  be  recognised. 

In  a  Macropus,  with  a  head  length  of  2 '8  cm.,  whose  thymus 
is  shown  under  a  low  power  in  fig.  2,  the  microscopic  appearances 
of  the  gland  were  those  of  a  fully  developed  thymus. 

^  "Studien  ttber  die  Schilddriise,"  Archivf.  mikros.  Anat,  Bd.  xliv.,  1895. 

*''  "  Ueber  Thyreoidea,  Glandnlse  parathyroidese  nnd  Thymus  beim  drehehigen 
Faulthier  (A'l,  Brady  pus  tridactylus),"  Arch.  fUr  Anatomie,  Supplementband 
W.  His  gewidmet.,  1897. 
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As  is  well  known,  there  are  some  histologists  who  hold  that 
the  lymphoid  cells  of  the  thymus  are  derived  by  direct  descent 
from  its  primitive  epithelium,  while  others  describe  a  leucocyte 
invasion  of  this  epithelium,  these  epithelial  cells  in  great  part 
disappearing,  but  some  of  them  remaining  in  Hassall's  cor- 
puscles. 

The  object  of  my  investigation  was  mainly  to  determine  the 
topographical  anatomy  of  the  thymus,  and  my  material  had  not 
been  fixed  sufficiently  well,  stained  with  the  requisite  care,  or  cut 
thin  enough  to  entitle  me  to  express  a  decided  opinion  on  this 
disputed  point.  I  am  disposed,  however,  to  support  the  view  of 
a  leucocyte  invasion  as  giving  rise  to  the  lymphoid  cells,  rather 
than  to  regard  these  as  originally  epithelial. 

This  work  was  commenced  last  summer  in  the  Anatomical 
Institute  of  the  University  of  Freiburg ;  and  I  desire  to  thank 
Professor  Wiedersheim  for  his  great  kindness  in  affording  me 
every  facility  for  my  investigJitions,  presenting  me  with  several 
valuable  specimens,  and  allowing  me  free  access  to  his  private 
library. 

Miss  Clara  Patterson  has  mounted  and  photographed  a  con- 
siderable number  of  the  sections.  Mr  Andrew,  LD.S  ,  took  the 
micro-photograph  shown  in  fig.  1,  and  Mr  H.  M.  M*Crea,  one  of 
my  students,  photographed  the  dissection  represented  in  fig.  4. 

21th  Noveviber  1897. — Since  writing  this  paper,  I  have  had  the 
opportunity,  through  the  kindness  of  Professor  C.  Stewart,  of 
dissecting  the  neck  of  an  adult  dasyure  (D.  cancrivora),  and 
could  find  no  traces  of  a  supei-ficial  cervical  thymus.  This 
specimen  thus  supports  the  view,  suggested  above  as  probable, 
that  this  portion  of  the  thymus  is  absent  in  the  polyprotodont 
Marsupiala 


CONCERNING  THE  PARATHYROID  GLANDS  :  A 
CRITICAL,  ANATOMICAL,  AND  EXPERIMENTAL 
STUDY.i  By  D.  A.  Welsh,  M.A.,  M.D.,  Assistant  to  the 
Professor  of  Pathology  in  the  University  of  Edinhv/rgh  ; 
Pathologist  to  the  Royal  Hospital  for  Sick  Children, 
Edinburgh, 

Introduction. 

The  first  part  of  this  paper  will  consist  of  a  critical  historical 
digest  of  the  literature  concerning  the  parathyroid  glands,  in  so 
far  at  least  as  it  relates  to  anatomical  and  experimental  work. 
A  number  of  interesting  and  valuable  references  to  their  mode 
of  development  and  embryological  structure  have  been  omitted, 
as  it  is  intended  that  these 'should  be  included  in  a  subsequent 
publication.  With  this  exception,  however,  an  endeavour  has 
been  made  to  give  a  more  complete  account  of  the  literature 
down  to  the  beginning  of  1897  than  has  hitherto  been  published. 

The  second  part  will  comprise  an  original  investigation  into 
the  structure  and  arrangement  of  the  parathyroid  glands  in 
man,  with  a  reference  to  these  organs  in  some  other  mammalia 
It  is  remarkable  that  no  contribution  of  any  importance  has 
been  made  to  the  anatomy  of  the  human  parathyroids  since 
their  original  discovery  in  1880.  Even  the  most  recent  English 
text-books  in  anatomy  practically  ignore  the  structure  of  these 
glands  in  man,  and  describe  chiefly  tliose  of  the  cat. 

In  the  third  part,  all  that  can  be  given  is  a  brief  synopsis  of  a 
preliminary  experimental  study  of  the  parathyroid  glands  of  the 
cat.  A  more  detailed  description  will  be  found  in  the  Journal 
of  Pathology  and  Bacteriology  for  1898." 

'  This  paper  formed  the  greater  part  of  a  thesis  which  was  presented  in  May 
1897  for  the  degree  of  Doctor  of  Medicine  of  the  Uuiversity  of  Ediuburgh,  and 
for  which  a  gold  medal  was  awarded. 
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Part  I. 

A  Critical  Historical  Digest  of  the  Literature  concerning 

'    THE  Parathyroid  Glands. 

I.  Ajiatomical  Section, 

The  presence  of  isolafced  glandular  bodies  in  the  more  or  lees 
immediate  neighbourhood  of  the  thyroid  gland  has  long  been 
known,  and  their  not  infrequent  occurrence  has  been  noted  by 
numerous  authors.  But  up  to  the  year  1880,  and  even  for  some* 
time  later,  all  such  bodies  were  described  as  accessory  thyroid 
glands,  as  masses  of  adenoid  tissue,  as  carotid  glands,  or  simply 
as  obscure  structures. 

It  is  essential  to  observe  at  the  outset  that,  although  the 
parathyroid  glands  are,  in  a  sense  which  will  appear  later, 
accessory  to  the  thyroid,  yet  the  terms  *  accessory  thyroid 
glands'  and  'parathyroid  glands'  have,  or  ought  to  have, 
widely  different  connotations.  In  the  former  term  are  included 
those  nodules  of  thyroid  tissue  which,  having  at  some  period  of 
development  become  detached  from  the  main  body  of  the  gland, 
still  appear  to  be  both  structurally  similar  and  functionally 
equivalent  to  it.  They  are  further  characterised  by  the  incon- 
stancy of  their  occurrence  and  by  the  uncertainty  of  their 
position,  having  been  found  at  all  levels,  from  the  supra-hyoid 
region  to  the  region  of  the  aortic  arch.  The  latter  term  is 
applied  to  independent  structures,  which  are  remarkably  constant 
both  in  their  number  and  in  their  position,  which  at  no  stage  in 
their  development  correspond  in  structure  to  the  thyroid  gland 
of  the  same  stage,  and  which  appear  to  have  a  very  special 
function. 

A  considerable  number  of  writers  have  given  their  attention' 
to  the  mode  of  origin  and  ultimate  localisation  of  accessoiy 
thyroid  glands  in  man  and  in  other  animals,  but  in  none  of  the 
earlier  papers  to  which  I  have  had  access  h«ave  I  been  able  to 
find  any  explicit  reference  to  the  parathyroid  glands,  for  either 
a  histological  record  is  wanting  or  the  structure  is  obviously 
dissimilar. 

Thus   Virchoto  (41)  in  1863  stated  that  he  had  found  with 
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extraordinary  frequency,  on  the  posterior  surface  of  the  lateral 
thyroid  lobes,  small  rounded  bodies  about  the  size  of  a  pea, 
which  were  united  to  the  thyroid  by  loose  connective  tissue,  and 
which  appeared  to  be  cither  small  lymph  glands,  or  detached 
portions  of  thyroid  tissue.  It  is  remarkable  that  so  keen  an 
observer  as  he  should  have  failed  to  recognise  another  character- 
istic structure  which  occurs  with  great  uniformity  in  the  same 
position ;  for,  in  all  likelihood,  many  of  the  bodies  which  he  thus 
summarily  dismissed  were  really  parathyroid  glands,  although 
both  accessory  thyroid  glands  and  masses  of  adenoid  tissue — 
chiefly  thymus  residues — occur  in  the  same  position. 

Both  before  and  after  this  date  accessory  thyroid  glands  were 
described  by  Gruber,  Verneuil,  Callender,  Bruch,  Porta,  Simon, 
Paget,  Kroenlein,  Poland,  Kadyi,  Zuckerkandl,  Madelung, 
Wolfler,  Wagner,  Fuhr,  Carle,  Wolf,  Semon,  Plana,  Ewald, 
Autokratow,  Gibson,  and  many  others,  all  of  whom,  however, 
appear  to  have  entirely  overlooked  the  parathyroid  glands. 

In  1880,  as  has  already  been  indicated,  the  parathyroid 
glands  were  definitely  discovered  by  Sandstrom  (37),  who  found 
that  in  man,  and  in  several  other  animals  of  the  mammalian 
series,  there  were  constantly  present  in  or  near  the  thyroid 
small  epithelial  glandular  organs,  which  he  designated  *  glandulae 
parathyroidese.' 

In  man,  he  described  two  parathyroid  glands  on  each  side,  one 
above  and  one  below  the  inferior  thyroid  artery,  on  the  posterior 
surface  of  the  lateral  tliyroid  lobe,  and  near  its  lower  margin. 
Although  in  close  proximity,  they  were  never  actually  continuous 
with  the  thyroid  structure,  but  were  invariably  separated  from 
it  by  a  zone  of  connective  tissue.  The  minute  anatomy  of  these 
bodies  showed  great  variety,  but  there  were  three  main  types  to 
which  their  structure  tended  to  conform  :  (I)  a  continuous  mass 
of  epithelial  cells,  penetrated  by  a  somewhat  dense  capillary 
network ;  (2)  a  continuous  cellular  reticulum,  the  meshes  of  which 
were  occupied  by  blood-vessels  and  connective  tissue;  (3) 
numerous  small  follicles,  in  a  connective-tissue  stroma.  In 
this  last  type  there  were  frequently  present  small  masses  of  a 
substance  whose  micro-chemical  reactions  resembled  those  of 
thyroidal  colloid. 

In  the  course  of  my  own  work  on  the  anatomy  of  the  human 
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parathyroid,  I  have  beeu  able  to  corroborate  most  of  Saudstrom's 
resulta  I  have,  unfortunately,  not  beeu  able  to  procure  his 
original  paper,  which  is  in  Swedish,  but  some  of  the  contemporary 
German  reviews,  especially  that  in  Schmidt's  Jahrbuch,  are 
somewhat  fully  detailed,  and  I  cannot  too  strongly  emphasise 
the  admirable  precision  and  accuracy  which  characterise  this 
earliest  record  of  these  glands  in  man. 

The  other  mammalia  examined  by  him  included  the  dog,  cat, 
ox,  horse,  and  rabbit,  in  all  of  which  he  found  similar  organs,  but 
only  one  on  each  side, — in  fact,  he  discovered  the  external 
parathyroid  in  these  animals. 

Although  his  work  was  purely  anatomical,  he  hazarded  a 
conjecture  as  to  their  physiological  significance.  He  stated 
that  all  the  variations  in  their  structure  corresponded  to 
different  stages  of  thyroid  development ;  and  he  therefore  con- 
sidered that  they  were  essentially  embryonic  residues  of  the 
thyroid,  destined  to  form  fresh  thyroid  tissue  when  required. 
He  does  not  appear  to  have  made  any  examination  of  the 
embryonic  parathyroid,  otherwise  he  would  probably  have 
observed  its  early  differentiation  from  the  thyroid. 

The  merit  of  this  discovery  is  undoubtedly  shared  by  an 
English  observer,  who,  however,  did  not  so  fully  •  realise  its 
significance ;  for  there  can  be  no  doubt  that  the  *  undeveloped 
portions'  of  the  thyroid  gland  described  by  Baher  (1) correspond 
to  the  *  glandule  parathyroideaj '  of  Sandstnim.  These  'unde- 
veloped portions'  were  especially  found  in  the  thyroid  of  the 
dog,  but  similar  structures  were  occasionally  present  in  those  of 
the  kitten,  sheep,  seal,  rook,  and  pigeon.  It  is  interesting  to 
note  that  Baber,  though  he  failed  to  recognise  their  constant 
occurrence  in  the  animals  examined  by  him,  yet  independently 
foimulated  the  same  conclusion  as  Sandstrom  regarding  their 
embryonic  residual  nature,  and  later  potential  development. 
Both  authors  thus  anticipated  the  theory  advanced  more  than 
ten  years  later  by  Gley  in  support  of  his  experimental  results. 

Although  Sandstrcim's  work  was  noticed  in  some  detail  in  con- 
temporary journals,  yet  his  discovery  was  almost  entirely  neglected. 
Krause  (22)  appears  to  be  almost  the  only  author  who  took  advan- 
tage of  it,  for  lio  makes  mention  of  the  parathyroids  both  in  his 
treatise  on  Human  Anatomy,  published  in  1881,  and  in  the  second 
edition  of  his  Anatomy  of  the  Rabbits  published  in  1884. 
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In  the  Brown  Lectures  on  Pathology  deli rered  in  1885,  Honiep 
(19)  stated  that  he  had  specially  investigated  the  emhiyonic  fe^*:?  ol 
the  thyroid  previously  described  by  Baber.  In  some  animals  a  lai)^ 
quantity  of  thb  tissue  could  be  found  in  a  single  mass  beneath  the 
thyroid  capsule,  but  separately  and  distinctly  encapsnled.  He  main- 
tained  that  although  the  tissue  was  regarded  as  embryonic,  still  it  had 
not  been  demonstrated,  that  it  ever  developed  into  acini ;  but  that,  on 
the  contrary,  the  result  of  researches  into  this  matter  had  hitherto 
rather  tended  to  oppose  the  likelihood  of  such  a  supposition  being 
true.  The  publication  of  this  description  by  Horsley  of  what  mnst 
now  be  regarded. as  the  parathyroid  gland  seems  to  have  been  quite 
overlooked  by  subsequent  authors. 

In  1888  Rogawitch  (33)  very  cursorily  described  the  occurrence  of 
*  restes  embryonaires '  in  the  thyroid  glands  of  young  and  of  adnlt 
animals,  and  he  illustrated  them  by  reference  to  what  is  obviously  the 
internal  parathyroid  of  the  dog.  Tliese  bodies,  he  says,  are  sharply 
defined  from  the  rest  of  the  thyroid  tissue,  and  in  their  structure 
correspond,  according  to  the  age  of  the  animal,  to  different  phases  in 
the  development  of  the  thyroid, — a  statement  which  is  not  strictly 
accurate.  He  goes  on  to  say  that  their  transformHtion  into  true 
colloid  follicles  occurs  a  long  time  after  birth,  when  other  methods 
of  growth  of  the  tliyroid  have  become  exhausted, — an  exceedingly 
doubtful  hypothesis. 

No  further  reference  was  made  until  the  publication  of  Gletfs  (9) 
preliminary  note  in  1891  ;  but  as  his  work  is  chiefly  experimentiBki, 
further  consideration  of  it  is  deferred. 

In  the  Bradsliaw  Lecture  on  some  Diseases  of  the  Thyroid  Gland, 
delivered  in  1893,  Greenfield  (10)  refers  to  undeveloped  glandular 
spaces,  often  in  clustered  masses,  in  the  normal  structure  of  the 
thyroid.  In  all  probability,  however,  his  description  has  reference  to 
integral  portions  of  thyroid  tissue,  and  not  to  parathyroid  tissue,  properly 
so  called. 

Cristiani  (4)  in  1893  followed  up  Gley's  researches  by  investigating 
the  parathyroid  of  the  lesser  rodents,  including  the  rat,  the  common 
mouse,  and  the  field  mouse.  In  all  the  animals  examined  he  observed 
only  one  on  each  side  corresponding  to  the  external  parathyroid  of  the 
rabbit.  In  the  rat,  the  relation  of  the  parathyroid  to  the  thyroid  was 
found  to  be  most  intimate,  the  former  being  completely  inclosed  in 
the  outer  surface  of  the  main  gl^nd,  though  never  continuous  with  it. 
In  the  common  mouse  the  connection  was  less  intimate,  the  parathy- 
roid projecting  above  the  surface  of  the  thyroid,  and  often  partially 
detached  from  it.  In  the  field  mouse  the  separation  was  still  more 
marked,  so  that  one  parathyroid  was  frequently  completely  severed 
from  the  thyroid.  In  structure  they  showed  no  essential  difference, 
from  those  of  the  rabbit,  and  were  again  regarded  as  portions  of 
embryonic  thyroid  tissue. 

In  1894  masses  of  embryonic  tissue  in  the  thyroid  gland  of  the 
dog  were  described  by  HihihJe  (18)  and  by  Zielinska  (45).  Their 
description  corresponds  sometimes  to  the  external,  sometimes  to  the 
internal  parathyroid  of  that   animal.     Both  authors  consider  that 
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they  represent  stores  of  reserve  materiftl,  and  that,  when  necessity 
arises,  fresh  thyroid  follicles  may  be  developed  from  them. 

In  1895  Kohn  (24)  published  an  elaborate  study  of  the 
parathyroid  glands  in  the  cat  and  in  other  animals,  and  was  the 
first  to  make  any  distinct  anatomical  advance  on  Sandstrom's 
earlier  work.  Perhaps  his  most  important-  contribution  lay  in 
the  discovery  that  there  were  constantly  present  two  parathy- 
roid glands  on  each  side  in  the  cat,  dog,  and  rabbit.  Since  these 
were  the  animals  chiefly  employed  for  experimental  research, 
and  since  only  one  on  each  side  had  been  recognised  by  previous 
observers,  the  significance  of  his  work  is  at  once  obvious. 

He  was  also  amongst  the  first  to  dispute  the  statement, 
hitherto  almost  universally  accepted,  though  contradicted  in 
1894  by  Prenani  (32),  that  the  parathyroid  glands  were  simply 
embryonic  residues  of  thyroid  tissue.  He  maintained  that,  on 
the  contrary,  they  were  perfectly*  independent  structures,  both 
morphologically  and  functionally  distinct  from  the  thyroid. 
For  this  reason  he  took  exception  to  the  term  *  parathyroid '  as 
implying  a  genetic  relation  to  the  thyroid,  which  had  still  to  be 
proved,  and  preferred  to  use  the  indifferent  term  'epithelial 
corpuscle  of  the  thyroid,'  distinguishing  them  further  as  *  ex- 
ternal '  and  *  internal '  according  to  their  relation  to  the  lateral 
thyroid  lobe. 

The  external  parathyroid  gland  (*  the  external  epithelial  corpuscle 
of  the  thyroid ')  was  invariably  present  in  all  the  animals  examined 
by  him^  including,  in  addition  to  those  already  mentioned,  the  mouse, 
rat,  guinea-pig,  and  one  case  in  man.  Its  position,  relatively  to  the 
thyroid,  showed  considerable  variation,  but  there  was  never,  with 
the  exception  of  a  very  small  area  in  two  of  the  cats  examined,  any 
continuity  of  tissue,  the  two  structures  being  everywhere  separated  by 
an  uninterrupted  zone  of  vascular  connective  tissue.  Histologically, 
three  types  were  found,  according  to  which  the  arrangement  of  the 
epithelial  cells  might  be  classified  :  (1)  a  dense  continuous  mass  of 
cells,  with  no  indication  of  a  network ;  (2)  a  continuous  reticulum  of 
cellular  trabeculae,  sometimes  slender,  sometimes  broader ;  (3)  definite 
lobule  formation,  each  lobule  consisting  of  delicate  cellular  trabeculae 
which  anastomosed.  Kohn  does  not  appear  to  have  met  a  histological 
type  which  is  very  common  in  the  human  parathyroid,  and  in  which 
the  epithelium  forms  distinct  acini,  with  a  central  lumen,  frequently 
occupied  by  colloid  material.  In  fact,  he  expressly  denied  the  occur- 
rence of  any  colloidal  substance  in  the  parathyroids- examined  by  him. 
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I  have,  80  far,  not  found  any  colloid  in  the  parathyroid  of  the  cat,  but 
it  is  relatively  abundant  in  that  of  man. 

The  internal  parathyroid  (*  the  internal  epithelial  corpuscle  of  the 
thyroid ')  was  not  found  in  all  the  animals  investigated,  but  only  in 
the  rabbit,  dog,  and  very  typically  in  the  cat.  It  diifers  in  two  im- 
portant particulars  from  the  external  parathyroid. 

(1)  Not  only  is  it  situated  on  the  internal  or  tracheal  surface  of  the 
lateral  lobe,  but  it  is,  as  a  rule,  completely  covered  by  the  thyroid 
tissue,  so  that  it  is  not  visible  from  the  surface,  and  is  therefore 
difficult  to  find  except  in  serial  sections. 

(2)  It  regularly  enters  into  extensive  combination  with  the  tissue 
of  the  thyroid,  and  with  that  of  the  corresponding  thymus  lobule, 
whereas  a  union  of  the  external  parathyroid  is  quite  exceptional. 

In  1896  Kohn  (25)  publiched  a  second  paper  on  the  anatomy  of 
the  parathyroids,  with  special  reference  to  those  of  the  rabbit.  As  a 
result,  he  was  still  further^ confirmed  in  his  theory  of  tho  constant 
occurrence  of  the  parathyroid,  both  external  and  internal.  He  dis- 
covered several  fresh  facts  of  interest,  the  most  important  of  which 
perhaps  is,  that  in  very  young  rabbits  the  external  parathyroid  is 
usually  found  at  a  higher  level  than  in  full-grown  animals.  It  may 
indeed  be  met  as  high  as  the  oral  pole  of  the  thyroid ;  but,  as  age 
advances,  it  appears  to  change  its  position,  so  that  it  comes  to  lie  some 
distance  below  the  thyroid. 

Shortly  after  the  appearance  of  Kohn*s  earlier  monograph,  Scluiper 
(39)  published  an  account  of  certain  structures  which  he  had  found 
in  the  region  of  the  carotid  bifurcation,  and  which  he  identified  with 
the  parathyroid  glands.  He  examined  these  regions  in  calves,  in 
sheep,  and  in  five  cases  in  man  ;  and  his  results  are  for  the  most  part 
at  variance  with  those  of  Sandstrom  and  of  Kohn.  It  is  not  possible 
to  discuss  all  his  numerous  conclusions,  founded  as  they  are  on  insuffi- 
cient data :  two  points  only  can  be  noticed. 

(1)  He  alleged  that  the  parathyroids  are  found  more  certainly  near 
the  carotid  bifurcation  than  near  the  thyroid,  and  that  in  any  case 
their  number  is  indeterminate.  Positive  evidence,  however,  must 
always  outweigh  negative,  and  the  explanation  of  his  results  lies  prob- 
ably in  the  fact  that  he  examined  too  few  cases,  and  that  many  of 
those  he  did  examine  were  very  young.  In  very  young  animals,  as 
Kohn  has  demonstrated,  the  parathyroids  are  situated  at  a  somewhat 
higher  level  than  in  adults. 

(2)  He  maintained  that  the  parathyroids  were  really  embryonic 
thyroid  residues,  and  that  he  had  observed  their  development  to 
actively  functional  thyroid  tissue.  Such  a  conclusion  is  quite  un- 
warranted either  by  the  embryonic  or  by  the  adult  structure  of  the 
parathyroid. 

In  1896  Schmid  (40),  in  the  course  of  his  studies  on  the  thyroid, 
refers  to  the  parathyroids  as  "the  external  and  the  internal  embryonic 
residue  of  the  thyroid."  He  contrasted  the  continuous  cellular  net- 
work found  in  the  parathyroid  of  the  cat  with  the  arrangement  which 
he  met  in  that  of  the  dog,  in  which  he  found  clusters  of  cells,  disposed, 
as  a  rule,  concentrically  round  a  small  lumen  or  a  globule  of  colloid 
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laaiter.  Hence  he  concluded  that  the  parathyroid  of  the  dog  repre- 
<.8ent«d  a  stage  in  the  development  of  the  embryonic  tissue  higher  than 
/  that  of  the  cat — an  inference  for  which  it  is  not  easy  to  see  the  justi- 
'    fication. 

Nicolas  (30)  is  quoted  by  Schaper  as  having  observed  in  the  Cheirop- 
tera two  nodules  on  each  side  of  the  thyroid.  Presumably  these  wer& 
the  parathyroids,  but  I  have  not  been  able  to  consult  the  original,  and 
the  reference  is  far  from  clear. 

L.  B,  Midler  (29),  in  1896,  examined  the  thyroid  and  the  adjacent 
glands  in  22  cases  in  man,  from  birth  to  old  age,  and  also  in  the  dog 
and  cat.  As  regards  the  parathyroids,  his  results  in  the  main  agree 
with  those  of  Kohn ;  but  he  stated  that  he  was  not  in  a  position  to 
estimate  the  frequency  of  their  occurrence  in  man,  as  he  had  found 
they  were  easily  overlooked.  He  noted  the  occurrence  of  colloid 
follicles  in  the  human  parathyroid — a  common  condition  j  and  also 
in  that  of  the  cat — a  condition  which  I  have  never  seen. 

II.  Experimental  Section, 

It  has  long  been  known  that  different  species  of  animals  do  not 
equally  resent  extirpation  of  the  thyroid,  and  that,  even  within 
the  same  species,  striking  and  unaccountable  differences  occur. 
It  is  possible,  however,  roughly  to  classify  the  various  kinds  of 
animals  in  the  order  of  their  susceptibility,  and  this  was  done  by 
Jfardey  (20),  to  whose  writings  I  am  indebted  for  the  outlines 
of  the  following  scheme : — 

Class  1. — Animals  which  show  practically  no  symptoms  after 
thyroidectomy : — (a)  Aves,  e.g.y  chickens  and  pigeons ;  (6)  Eodentia, 
^.^.,  rabbits. 

Class  2. — Animals  which  show  a  slow  and  uncertain  cachexia, 
which  may  terminate  fatally  after  a  long  interval  of  time : — Un- 
^lata,  e.g,f  sheep,  goat,  donkey,  pig. 

Class  3. — ^Animals  which  sliow  a  well-marked  chronic  cachexia, 
with  an  almost  invariable  fatal  termination : — Anthropoidea,  e.g., 
man  and  monkey. 

Class  4 — Animals  which,  as  a  rule,  show  intensely  acute  symp- 
toms, with  a  rapidly  fatal  result : — Carnivora,  e.g.,  dog,  cat,  and 
fox. 

It  was  therefore  thought  that  the  marked  variations  in  the 
susceptibility  of  different  animals  corresponded  to  differences  in 
their  metabolism.  Flesh-eating  animals  were  supposed  to  suffer 
moBt  acutely,  while  those  which  were  restricted  to  a  vegetable 
diet  suffered  least,  omnivora  occupying  an  intermediate  position. 
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This  hypothesis  received  further  support  from  Breisacher  (2), 
whose  experiments  showed  that  dogs  fed  on  fresh  meat  suffered 
more  acutely  from  thyroidectomy  than  those  fed  on  milk  or 
boiled  meat.  From  this  he  inferred  that  the  extractives  of  raw 
flesh  can,  by  some  undetermined  action  on  tissue  metabolism, 
intensify  the  symptoms  that  follow  removal  of  the  thyroid. 

In  a  preliminary  note  communicated  in  1891,  anii  in  a  series 
of  papers  published  in  1892  and  1893,  Gley  (9,  12, 13)  offered 
an  entirely  different  explanation.  He  contended  that  the  differ- 
ence was  more  apparent  than  real,  and  that  it  arose  from  an 
essential  difference  in  the  operation  performed.  He  pointed  out 
that  in  the  rabbit  the  (external)  pai'ath}Toid  was  usually  quite 
separate  from  the  thyroid,  and  situated  about  half  a  centimetre 
below  it ;  whereas  in  the  dog  the  corresponding  organ  was  closely 
incorporated  with  the  lateral  thyroid  lobe.  In  all  probability, 
therefore,  thyroidectomy  in  the  rabbit  had  previously  involved 
removal  of  the  thyroid  alone,  but  thyroidectomy  in  the  dog  had 
implied  removal  of  the  thyroid  and  parathyroids  together.  It  is 
to  be  understood  that  the  internal  parathyroid  gland  was  then 
unknown,  and  that  throughout  the  whole  coxurse  of  his  earlier  ex- 
periments Gley  remained  in  complete  ignorance  of  its  existenca 

(1)  He  accordingly  investigated  the  effect  of  removing  both 
thyroid  and  parathyroid  in  the  rabbit,  an  operation  which  he 
terms  "  thyroidectomie  complete."  His  results  were  most  strik- 
ing. Out  of  16  rabbits  thus  operated  on,  only  2  survived  beyond 
a  week,  both  being  accidentally  killed.  The  remaining  14 
rabbits  showed  a  rapid  onset  of  symptoms,  and  a  rapidly  fatal 
result.  In  the  great  majority  of  cases  the  symptoms  began 
within  24  hours  after  the  operation,  and  led  to  death  a  few  hours 
later ;  on  dogs,  on  the  other  hand,  it  was  rare  to  meet  any  symp- 
toms before  the  end  of  the  second  day,  and  rare  to  have  death 
until  several  days  later.  The  symptoms  themselves  presented  a 
remarkable  analogy  to  those  previously  observed  in  the  dog,  and 
a  very  marked  contrast  to  those  previously  observed  in  the  rabbit. 
By  the  end  of  1893  Gley  had  performed  "  thyroidectomie  com- 
plete" on  55  rabbits,  of  which  only  12  had  survived.  A  possible 
explanation  of  this  discrepancy  may  be  found  in  the  fact  that 
portions  of  the  internal  parathyroid  may  sometimes  have  been 
left   behind,  though  usually  completely  removed,  owing  to  its. 
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cloae  Gouuectiou  with  the  thyroid.  From  these  experiments  he 
concluded  that  removal  of  the  thyroid  and  parathyroids  together 
was  practically  as  fatal  in  the  rabbit  as  in  the  dog. 

(2)  Gley  next  showed  that  it  was  possible,  even  in  the  dog,  to 
remove  the  thyroid  and  leave  the  two  (external)  parathyroids 
intact.  He  gives  a  description  of  this  somewhat  delicate  opera- 
tion, which  he  performed  in  10  cases.  Of  these  only  2  died  (one 
had  an  empyema,  iu  the  other  only  one  parathyroid  had  been  left), 
and  the  remainder  showed  no  symptoms  for  many  days.  Subse- 
quent removal  of  the  parathyroids  in  the  same  dogs  led  to  the 
usual  rapidly  fatal  termination,  with  all  the  symptoms  character- 
istic of  former  opei^ations  for  thyroidectomy.  Removal  of  the 
thyroid  alone  he  therefore  considered  to  be  as  innocuous  in  the 
dog  as  in  the  rabbit.  In  reality  Gley  had  removed  not  the 
thyroid  alone,  but  probably  also  the  internal  parathyroids ;  and 
what  he  showed  w^as,  that  the  external  parathyroids  alone  could, 
in  the  dog  and  in  the  rabbit  alike,  avert  a  fatal  issue. 

(3)  Extirpation  of  the  parathyroids  alone  (i.e.,  of  the  external 
parathyroids)  was  productive  of  no  result  either  in  the  dog  or 
in  tlie  rabbit. 

(4)  Removal  of  the  thyroid  (and  internal  parathjToids)  in  the 
rabbit  led,  iis  was  anticipated,  to  no  symptoms ;  but  if,  a  month 
later,  the  (external)  parathyroids  were  also  removed,  then  the 
animals  died,  with  acute  symptoms  similar  to  those  resulting  from 
sijpi^ultaneous  removal  of  both  thyroid  and  parathyroid  glands, 
while  the  parathyroids  were  found  to  have  undergone  a  compen- 
satory hypertrophy,  and  a  partial  development  to  mature  tissue. 

The  publication  of  these  experimental  results  gave  an  impetus  to 
further  research  on  this  subject ;  and  several  investigators  contradicted, 
while  others  supported  Gley's  conclusions.  Much  of  the  work  of  this 
period,  however,  is  little  better  than  a  groping  in  the  dark,  owing  to 
the  lack  of  anatomical  precision.  .     --^ 

One  of  the  first  to  challenge  Gley's  results  was  Moussu  (27),  who 
in  1892  and  1893-claiaied  to  have  removed  the  thyroids  and  the  para-^ 
thyroids  in  19  rabbits,  of  which  only  4  succumbed.  As  I  shall  again 
have  occasion  to  point  out,  a  mere  statement  that  the  parathyroid  has 
been  excised  is  not  a  sufficient  guarantee  that  it  has  actually  been 
removed,  unless  a  histological  examination  is  in  every  case  made. 
Moussu  also  operated  on  the  horse,  donkey,  ram,  and  goat,  but  he 
failed  to  find  any  parathyroid  glands  in  these  animals.  It  does  not 
of  course  follow  that  the  glands  were  really  absent. 
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Hofmeister  (17)  removed  the  tliyroid  in  young  rabbits,  and  observed 
that  there  occurred  a  profound  interference  with  development,  more 
especially  with  that  of  the  osseous  system.  He  concluded  that  the 
parathyroid  glands,  which  he  presumed  to  have  been  left  behind,  were 
not  sufficient,  at  least  in  young  rabbits,  completely  to  compensate  for 
the  loss  of  the  thyroid,  a  conclusion  which  Gley  accepts.  It  is  not  so 
certain,  however,  that  the  parathyroids  were  always  left  behind  in 
these  cases,  for  in  young  rabbits  the  external  parathyroids  may  occupy 
a  position  near  the  cephalic  pole  of  the  thyroid,  and  may  thus  be 
readily  removed  along  with  the  thyroid. 

Criiftiani  (4),  in  1893,  supplemented  G ley's  results  to  some  extent  by 
showing  that  complete  thyroidectomy  was  fatal  in  the  rat,  an  animal 
which  had  previously  been  found  insusceptible  by  Schiff  and  Philipeaux. 

In  1895  GJeij  (15),  in  association  with  Nicolas,  made  a  more 
careful  study  of  the  changes  in  the  parathyroids  (external)  after 
removal  of  the  thyroid.  They  investigated  the  rabbit  alone,  and 
found  (1)  that  after  15  days  there  was  a  slight  but  distinct  enlarge- 
ment of  the  parathyroids  ;  (2)  that  this  was  accompanied  by  an  alter- 
ation of  the  staining  reactions  of  the  epithelial  cells,  and  in  two  cases 
by  the  appearance  of  mitotic  figures  in  them;  (3)  that  even  after 
longer  intervals  of  3,  4,  and  12  months  there  was  no  evidence  of  trans- 
formation to  thyroid  structure. 

From  1894  onwards  the  earlier  results  obtained  by  Gley  were  essen- 
tially confirmed  by  Verstraeten  and  Vanderlinden  in  Belgium,  by 
Cadeac  and  Guinard,  and  by  Rouxeau  in  France,  by  Paladino  and 
by  Capobianco  in  Italy,  and  by  Edmunds  in  England.  It  is  not, 
however,  necessary  to  give  all  the  details  of  the  work  of  these  various 
authors,  -as  much  of  it  is  merely  confirmatory  of  previous  experiment, 
and  all  of  it  was  done  before  Kohn's  anatomical  researches  were 
known.     A  brief  outline  is  all  that  will  be  given  (rf,  Gley  (11)). 

Verstraeten  and  VandevUnden  (44)  found  that  removal  of  the 
thyroid  and  parathyroids  together  was  almost  invariably  fatal  in  the 
rabbit,  but  that  the  symptoms  were  not  usually  so  acute  as  those 
originally  described  by  Gley.  They  also  found  that,  after  removal 
of  the  thyroid,  the  (external)  parathyroids  left  in  situ  showed  at  first 
vascular  engorgement,  and  later  considerable  increase  in  size.  -  Even 
the  supporting  connective  tissue  was  increased,  while  the  columns  of 
epithelial  cells  became  enlarged,  not  by  a  proliferation  of  their 
elements,  but  by  a  "true  hypertrophy  "  of  the  individual  cells.  It  is 
somewhat  doubtful  how  far  these  auUiors  have  correctly  interpreted 
histological  changes,  the  conditions  they  describe  being  more  con- 
sistent with  a  process  of  inflammation  than  with  one  of  hypertrophy. 

Cadeac  a,nd  Guinard  (5)  merely  state  that,  in  opposition  to  Moussu 
and  in  accordance  with  Gley,  they  have  found  that  "  thyroldectomie 
complete  "  is  as  fatal  to  rabbits  as  it  is  to  dogs. 
.  Paladino  (31)  and  Capobianco  (6)  also  state  that  in  their  experience 
rabbits  and  dogs  equally  succumb  to  loss  of  the  thyroid  and  para- 
thyroids together.  The  resulting  symptoms;  however,  differed  in  so 
far  as  none  of  the  rabbits — 30  in  all — ever  had  a  convulsive  attack, 
— only  fibrillary  contractions  and  slight  localised  spasms. 
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*  In  1895  Edmnnd  (8)  cominunicated  to  the  Physiolog'cal  Society 
the  results  of  his  valuable  experiments  on  rabbits  and  on  dogs,  and 
is,  so  far  as  I  am  aware,  the  only  observer  in  this  country  who  has 
published  any  experimental  woik  on  the  parathyroid  glands. 

He  repeated  Gley's  experiments  on  rabbits,  and  found  (1)  that  if 
both  the  thyroid  and  the  parathyroid  -  glands  were  removed  the 
animals  died ;  (2)  that  when  the  thyroid  alone  was  excised,  the 
(external)  parathyroids  being  left,  many  of  the.animals  also  died,  some- 
times in  a  condition  resembling  myxoedema  in  man;  (3)  that  if  the 
(external)  parathyroids  alone  were*  extirpated,  the  animals  as  a  rule 
Uved,  and  did  not  undergo  any  obvious  change,  at  least  not  for  a  long 
time. 

The  result  of  liis  pxpniiments  on  the  dog  was- to  show  **  that  if  the 
whole  of  one  lobe  of  the  thyroid,  including  its  (external)  parathyroid, 
and  also  the  greater  part — two-thirds  or  more — of  the  other  lobe  bo 
removed,  the  animal  will  live  or  die  according  as  the  (external)  para- 
thyroid is  or  is  not  left.'* 

The  term  *  parathyroid '  refers,  as  in  all  previous  experiments,  solely 
to  the  external  gland,  the  corresponding  internal  organ  being  at  that 
time  unknown,  and  probably  always  removed  or  retained  according 
as  the  thyroid  was  removed  or  retained. 

Bouxeau  (35)  published  in  1895  the  firj^t  of  an  extensive  series  of 
experiments  on  ihe  rabbit.  Further  results  followed  in  1896,  and 
finally  the  complete  series  of  103  experiments  appeared  early  in  1897. 
(1)  In  46  rabbits  he  removed  the  thyroid  and  parathyroids  at  one 
operation,  and  foun<l  that  four-Hfths  presented  severe  and  character- 
istic nervous  symptoms;  (2)  in  57  rabbits  he  removed  the  thyroid, 
leaving  the  (external)  parathyroids,  with  the  result  that  only  I  showed 
characteristic  symptoms,  though  12  others  died,  at  varying  intervals, 
of  broncho-pneumonia;  (3)  in  13  rahbits.he removed  the  thyroid  with 
no  result,  and  some  time  later  the  (external)  parathyroids,  the  second 
operation  being  in  every  case  followed  by  acute  symptoms,  culminating 
in  death. 

In  1896  there  appeared  a  paper  by  Blumveirh  and  Jacolnj  (3),  who 
as^iled  Oley's  conclusions  in  almost  every  particular.  They  main- 
tained (1)  that  in  the  rabbit  there  was  no  difference  betAveen  those 
animals  from  which  the  thyroid  alone  had  been  removed  and  those 
which  had  lost  both  the  thyroid  and  the  parathyroids  (Nebenschild- 
drilsen) ;  (2)  that  the  prognosis  after  thyroidectomy  was  not  in  the 
least  improved  by  leaving  two  parathyroids  in  place  of  one ;  (3)  that 
the  parathyroids  left  after  thyroidectomy  were  never  found  to  have 
undergone  the  slightest  hypertrophy.  It  is  difficult  to  reconcile  their 
results  with  those  of  previous  investigators.  They  are  directly  opposed 
to  the  consensus  of  opinion  reached  by  equally  skilled  observers. 

The  first  to  avail  Ihemselves  of  the  anatomical  data  supplied 
by  Kohn  were  Vassale  and  Generali,  a  short  account  of  whose 
work  appeared  in  1896,  and  they  were  followed  in  1897  by 
Gley,  Eouxeau,  and  Moussn. 
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Vamale  and  Oen^ali  (42;  were  the  first  to  remove  all  the  lour 
pHirathjToid  glands,  leaving  the  thyroid  in  tntu.  This  opemtioii  was 
porfoimed  on  10  cat«  and  9  dogj<.  Of  the  cats,  9  had  saccombed 
hj  %}n*  tenth  day,  and  one  had  been  living  for  a  month  at  the  tinie  of 
writing.  Thej  all  safff.red  from  characteristic  moThid  sjrmptoms, 
fibrillary  tremors,  mtucolar  twitchings,  depression,  rigid  and  stagger- 
ing gait,  anorexia,  emaciation,  and  lowering  of  the  body  tempen- 
ture.  Of  the  9  dogs,  all  died  within  eight  days,  and  on  an  averse 
lietwr^en  the  third  and  fourth  day  :  symptoms  began  in  the  second  and 
third  day,  and  were  analogoui;  to  those  which  resulted  from  ordinary 
thyroidectomy  in  the  dog  or  in  tlie  cat,  i.e.,  from  simnltaneoos 
removal  of  the  thyroid  and  parathyroids.  As  a  rule,  however,  con- 
vulsive attacks  were  wanting  or  were  slightly  marked,  and  only  at 
the  end;  on  the  other  hand,  there  predominated  phenomena  of 
dimininhed  excitability  of  the  nervous  system,  and  forms  of  paralysis 
which  rapidly  killed  the  animal. 

In  a  Btibscquent  paper  they  record  a  series  of  operations  on  the 
dog,  designed  to  test  the  functional  significance  of  the  parathyroids 
relatively  to  each  other  and  to  the  thyroid.  A  complete  account  of 
both  papers  has  recently  been  given  by  RolterfMm  (34). 
•  These  authors  have  taken  pains  to  show  that  the  fatal  results  are 
not  to  bo  attributed  to  complications  of  the  operation,  or  to  lesions  of 
the  thyroid  or  of  adjacent  nerves.  But  they  do  not  explicitly  state 
that  they  have  histologically  examined  the  tissues  removed  as  para- 
thyroids, and  without  this  precaution  it  has  been  my  experience  that 
one  can  never  be  certain  of  having  actually  removed  them. 

The  only  other  papers  which  take  cognisance  of  the  internal  para- 
thyroids were  published  early  in  1897  by  Rouxeau,  Gley,  and  Monssu; 
but  they  do  not  contain  such  uniformly  successful  operations  or  sucli 
uniformly  consistent  results. 

Ihmrenu  (36)  performed  for  the  rabbit  what  Vassale  and  Generali 
had  done  for  the  dog  and  the  cat.  He  removed  all  the  parathyroids, 
leaving  the  thyroid  intact;  and  although  all  the  animals  did  not 
succumb,  he  came  to  the  conclusion  that  in  the  rabbit  this  operation 
is  infinitely  more  serious  than  removal  of  the  thyroid  alone. 

(wlffi  (16)  repeated  the  same  experiment  on  1  cat,  3  dogs,  and  9 
rabbits,  but,  in  spite  of  his  great  experience  in  such  work,  he  frequently 
failed  to  find  all  the  parathyroids,  and  his  results  were  contradictory. 
He  emphasised  the  special  difficulties  to  be  encountered,  and  the 
urgent  necessity  for  histologital  examination  of  all  structures  removed 
ov  left  in  situ, 

Mtntam  (28),  from  his  own  and  from  other  researches,  concluded 
that  two  distinct  functions  exist — the  one  thyroidal,  suppression  of 
which  lends  only  to  chronic  troubles ;  the  other  parathyroidal,  sup- 
pression of  which  induces  acute  symptoms.  He  also  claimed  to  have 
induced  experimental  cretinisms  in  the  dog  and  cat  and  in  birds  by 
reuoval  of  the  thyroid,  the  parathyroiils  being  left  i>J  situ. 
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THE  SYMPATHETIC  INNERVATION  OF  THE  AORTA 
AND  INTERCOSTAL  ARTERIES.  By  B.  T.  Tkms, 
B.A.,  Queen's  College,  Cambridge,  Assistant  Demonstrator 
of  Anatomy, 

In  the  ordinary  descriptions  of  the  distribution  of  the  rami 
efferentes  of  the  sympathetic  system  in  the  thorax,  it  is  stated 
that  the  offsets  of  the  lateral  ganglia  in  the  upper  part  of  the 
thorax  are  distributed  to  the  bodies  of  the  vertebrae  and  their 
ligaments  and  to  the  thoracic  aorta,  on  which  they  form  a  fine 
plexus,  together  with  filaments  arising  lower  down  from  the 
great  splanchnic  nerve,  this  plexus  furnishing  branches  to  the 
coats  of  the  aorta  and  its  branches.  During  a  dissection  of  this 
portion  of  the  sympathetic  system,  my  attention  was  drawn  to 
some  fine  branches  from  the  great  splanchnic  nerve,  ending 
directly  in  the  coats  of  the  intercostal  arteries ;  and  as  I  cannot 
find  any  mention  of  these  branches,  I  have  ventured  to  publish 
a  note  on  this  occurrence. 

The  dissection  figured  in  the  accompanying  figure  was  made 
on  the  right  side  of  the  thorax  of  a  subject  in  the  Cambridge 
dissecting-room.  The  lateral  ganglia  were  eleven  in  number, 
the  7th  being  particularly  large,  and  appearing  to  represent 
two  fused  ganglia.  The  great  splanchnic  nerve  arose  from  the 
7th,  8th,  9th,  and  10th  ganglia,  and  possessed  a  well-marked 
ganglion  on  its  course  (ganglion  of  Lobstein),  in  the  usual  situa- 
tion over  the  12th  thoracic  vertebra.  The  lesser  splanchnic  arose 
from  the  10th  and  11th  ganglia:  its  method  of  origin  was  some- 
what peculiar.  Two  branches,  one  from  the  10th  ganglion  and  one 
from  the  11th,  met  in  a  distinct  enlargement,  placed  over  the  upper 
part  of  the  12th  thoracic  vertebra :  from  this  enlargement  the 
lesser  splanchnic  proceeded,  to  be  joined  lower  down  by  a  second 
root  from  the  11th  ganglion.  With  the  exception  of  this  pos- 
sible communication  between  the  10th  and  11th  ganglia,  there 
was  an  absolute  break  in  the  lateral  chain.  Such  breaks  in  the 
continuity  of  the  lateral  chain  have  been  recorded  by  Haller  and 
Bichat.     The  enlargement  on  the  commencement  of  the  lesser 
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splanchnic  may  have  been  ganglionic,  since  Sperino  (accortling  to 
Hermann  and  Schwalbe's  Jahresberichte  for  1886)  has  described 
cells  on  the  course  of  the  lesser,  as  well  as  on  that  of  the  greater 
splanchnic.  There  was  a  communicating  branch  between  the 
lesser  splanchnic  and  the  ganglion  of  the  great  splanchnic. 

The  nerves  supplying  the  intercostal  arteries  in  the  upper 
part  of  the  thorax  were  derived,  as  far  as  could  be  seen,  from 
the  lateral  ganglia.  The  4th  ganglion  furnished  a  well-marked 
branch,  directed  inwards  to  the  first  aortic  intercostal  artery ; 
and  from  this  branch  a  distinct  twig  was  given  off,  accompany- 
ing the  right  bronchial  artery  which  arose  from  this  vessel.  A 
branch  was  also  given  off  from  the  5th  ganglion  to  the  same 
intercostal  artery.  These  branches  may  have  been  continued 
on  to  the  aortic  plexus,  but  unfortunately  this  could  not  be 
traced. 

In  the  lower  part  of  the  thorax  the  intercostal  arteries 
derived  a  distinct  supply  from  the  splanchnic  nerves.  A  dis- 
tinct branch  was  found  arising  from  the  upper  part  of  the 
ganglion  on  the  great  splanchnic,  which  gave  off  a  minute  twig 
to  the  last  aortic  intercostal, — a  large  vessel  supplying  the  lOtli 
and  11th  intercostal  spaces.  This  twig  was  traced  directly  into 
the  coats  of  the  vessel.  The  rest  of  this  branch  was  distributed 
to  the  vena  azygos  major  and  to  the  aorta.  Fm  thei-,  a  second 
branch  was  given  to  the  same  intercosUil  arteiy  from  the 
enlargement  on  the  lesser  splanchnic,  which  entered  the  coats  of 
the  vessel  somewhat  farther  out.  Higher  up,  a  branch  was 
traced  to  the  intercostal,  supplying  the  seventh  space  from  a 
loop  between  the  7th  lateral  ganglion  and  the  root  of  the 
great  splanchnic  arising,  from  that  ganglion :  this  twig  also 
entered  the  coats  of  the  vessel.  The  same  root  of  the  great 
splanchnic  also  furnished  a  twig  to  the  vessel  supplying  the 
eighth  space. 

The  lower  part  of  the  thoracic  aorta,  in  addition  to  the  twigs 
from  the  great  splanchnic,  also  received  branches  directly  from 
the  lateral  ganglia.  Two  of  these  branches  were  traced  to  it^ 
one  from  the  10th  and  the  other  from  the  11th  ganglion.  The 
branch  from  the  10th  ganglion  was  directed  inwards  over  the 
vertebral  column,  crossing  under  the  great  splanchnic  without 
being  connected  with  it,  to  end  by  ramifying  over  the  aortsu 
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givin*^  a  few  small  filaments  to  the  bodies  of  the  vertebrae.  The 
second  branch  from  the  11th  ganglion  crossed  beneath  both 
splaachnics,  and  ended  by  breaking  up  into  a  number  of  fine 
filaments,  some  of  which  ramified  on  the  aorta,  while  the  rest 
disappeared  by  piercing  the  crus  of  the  diaphragm.  Lobstein 
described  filaments  from  the  ganglion  on  the  great  splanchnic 
ending  in  the  criis,  but  Professor  Cunningham  (vol.  ix.  of  this 
Journal)  doubts  whether  they  really  terminate  here.  Unfor- 
tunately, these  twigs  could  not  be  traced  further,  owiog  to  the 
abdomen  having  been  dissected;  in  any  case  they  were  very 
minute,  and  it  would  have  been  extremely  difficult  to  follow 
them  with  any  certainty.  It  would  therefore  appear  that  the 
plexus  on  the  lower  part  of  the  aorta  may  be  formed  by 
branches  from  the  lateral  ganglia  as  well  as  from  the  great 
splanchnics. 

On  the  left  side  of  the  same  body  I  was  able  to  trace  fila- 
ments to  the  intercostal  arteries  from  the  great  splanchnic. 

In  the  subject  on  which  this  dissection  was  made,  the  supply 
to  the  intercostal  vessels  from  the  splanchnics  and  their  ganglia 
appears  to  be  quite  well  marked ;  and  I  hope,  by  further  inves- 
liigation  on  other  bodies,  to  ascertain  if  this  supply  be  constant. 
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SoilE  time  ago  Professor  Stewart,  of  the  Koyal  Collide  of  Sur- 
geons, gave  me  the  opportunity  of  dissecting  the  limbs  of 
Gymnura,  an  animal  rarely  to  be  obtained  in  this  country.  The 
myology  of  this  animal  has  been  already  carefully  describetl  by 
Dobeon,^  but  I  make  no  apology  for  putting  my  own  dissection 
on  record,  because  the  creature  is  a  rare  one,  and  it  is  very 
important  that  our  knowledge  of  the  anatomy  of  any  species 
should  not  rest  on  the  dissection  of  a  single  individual  specimen. 
In  addition  to  this,  systematists  regard  the  dentition  of  Gymnura 
as  being  ver}'  generalised ;  and  I  believe  that,  as  far  as  its  muaclee 
are  concerned,  it  makes  the  best  type  of  a  mammal  that  I  have 
ever  met  with.  Owing  to  the  work  of  Dobson,  and  men  like 
him,  we  are  now  able  to  understand  much  more  of  the  story 
which  muscles  have  to  tell  us  than  he  could  hope  to  do  when  he 
wrote  his  splendid  monograph  on  the  Insectivora;  and  I  feel 
convinced  that  the  study  of  no  animal's  muscles  would  form  a 
better  introduction  to  mammalian  myology  than  those  of  Gym- 
nura. In  working  at  carnivores,  rodents,  and  insectivores,  one 
feels  that  one  is  close  to  the  main  track  by  which  the  primates 
have  been  evolved  from  more  lowly  ancestors,  a  feeling  that  is 
not  nearly  so  strong  when  one  is  dealing  with  monotremes, 
marsupials,  edentates,  or  ungulates,  the  muscles  of  which  are 
more  specialised.  Few  more  interesting  tasks  could  be  under- 
taken than  to  compare  the  muscles  of  Gymnura  and,  say, 
Bradypus :  in  the  former  their  arrangement  may  often  be  fore- 
told with  great  accuracy,  in  the  latter  all  kinds  of  unexpected 
curiosities  are  met  with. 

It  is,  therefore,  with  the  object  of  confirming  Dobson's  obser- 

^  A  Monograph  of  the  Insectivora,  by  G.  E.  Dobson,  M.A.,  M.B.     London: 
John  Van  Voorst,  1882. 
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Tations  on  this  generalised  animal  that  this  paper  is  written  :  in 
a  few  cases  we  differ  as  to  the  interpretation  of  our  observations, 
while  in  a  few  others  the  observations  themselves  do  not  tally ; 
in  the  latter  cas^  the  animals  may  have  varied,  or  one  of  the 
oboervexa  may  have  been  at  fault. 

TrapeziAiB. — ^The  occipital  fibres  of  this  muscle,  as  in  Dobson's 
iqpecimen,  lie  superficial  to  the  cleido-mastoid,  and  are  inserted 
into  tiie  clavicle.  The  fibres  which  arise  from  the  ligamentum 
nuchas  in  the  neck  are  inserted  with  the  omo-trachelian  into 
the  metacromial  process,  which  in  this  animal  is  well  developed. 
The  fibres  which  arise  from  the  anterior  three  or  four  thoracic 
vertebne  continue  the  plane  of  the  last,  and  are  inserted  into  the 
anterior  (cephalic)  lip  of  the  spine  of  the  scapula.  Then  there  i& 
a  wide  gap  in  the  trapezius,  and  the  next  set  of  fibres  arise  from 
the  spines  of  the  posterior  two  or  three  thoracic  vertebrae  and 
run  forwards  and  outwards,  to  be  inserted  into  the  root  of  the 
spine  of  the  scapula  as  well  as  into  the  posterior  (caudal)  lip  of 
its  dorsal  third.  I  think  that  Dobson's  short  description  agrees 
with  this,  though  I  do  not  know  whether  he  found  the  great  gap 
between  the  fibres  coming  from  the  anterior  and  posterior 
thoracic  spines  or  not;  but  it  is  interesting  to  me  because  I 
have  already  found  a  similar  gap  in  the  myomorphine  rodents 
occupied  by  a  pad  of  fat^ 

Bhomhoideus  capitis  et  colli  (Bhomboideus  anticus,  Dobson). — 
This  muscle,  in  my  specimen,  arose  from  the  mesial  part  of  the 
curved  line  of  the  occipital  bone  as  well  as  from  the  whole  length 
of  the  ligamentum  nuchse ;  it  was  inserted  into  the  dorsal  part  of 
the  scapular  spine  and  into  the  vertebral  border  of  the  scapula. 

Rhcmiboideus  tharads  (Rhomboideus  posticus,  Dobson). — This 
is  continuous  with  the  last,  and  arises  from  the  spinas  of  the 
anterior  four  or  five  thoracic  vertebrae,  to  be  inserted  into  the 
posterior  (caudal)  part  of  the  vertebral  border  of  the  scapula. 

Bhomboideus  profundus. — This  muscle  Dobson  noticed,  but  is 
doubtful  as  to  its  name.  It  arises  from .  the  transverse  process 
of  the  atlas,  and  soon  gains  the  same  plane  as  the  rhomboideus 
capitis  et  colli,  with  which  it  is  inserted  into  the  dorsal  part  of 
the  scapidar  spine.  This  muscle  is  often  present  in  mammals, 
but  is  in  some  cases  closely  united  with  the  levator  anguli 

*  "Myology  of  Myomorphine  Rodents,"  Proc,  Zool,  Soc,  1896,  p.  176. 
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scapulse,  as  in  the  kangaroos  ^  and  many  rodents.^  Windle  and 
I  found  it  quite  separate  in  the  Mustelidse  among  the  Carnivora,' 
and  we  regard  it  as  a  deep  part  of  the  rhomboid  sheet 

OnW'trachelian  (Levator. scapulae,  Dobson;  Levator  claviculae, 
Acromio-trachelien,  and  many  other  synonyms  of  other  authors). — 
This  muscle  corresponded  exactly  with  Dobson's  description.  It 
arose  from  the  transverse  process  and  ventral  part  of  the  arch  of 
the  atlas,  and  was  inserted  into  the  tip  of  the  metacromial  pro- 
cess. My  experience  makes  me  regard  this  as  the  most  gener- 
alised arrangement  of  the  muscle. 

Omo-hyoid. — Only  the  omal  attachment  of  this  muscle  was 
present.  It  was  attached  to  the  anterior  (cephalic)  border  of  the 
scapula,  close  to  the  root  of  the  coracoid  process.  This,  as  far  as 
it  goes,  agrees  with  Dobson's  description.* 

Levator  anguli  scapidca  and  Serraius  magnus,  —  These  two 
muscles,  as  usual,  form  one  continuous  plane.  The  origin  in  my 
case  was  from  the  transverse  processes  of  the  posterior  five 
cervical  vertebrae  and  from  the  anterior  eight  ribs. 
.  Siibclavius. — This  agrees  with  Dobson's  description,  coming,  as 
it  does,  from  the  cartilage  of  the  first  rib,  and  being  inserted  into 
the  dorsal  border  of  the  outer  quarter  of  the  clavicle. 
.  Pectoral  mvscles, — These  agree  with  Dobson's  description,  with 
the  exception  that  I  failed  to  find  any  clavicular  origin. 

Laiissimus  dorsi. — Dobson's  description  applies  perfectly  to 
this.  It  is  interesting  to  notice  that  it  arises  from  no  ribs,  and 
that  its  tendon  wraps  round  the  teres  major,  and  is  inserted 
ventral  to  that  muscle.  Dorso-olecranalis  (Dorso-epitrochlearis) 
is  as  Dobson  describes  it ;  this  is  the  typical  mammalian  arrange- 
ment of  the  muscle. 

Deltoid. — Dobson  only  describes  two  heads ;  but  as  in  almost 
all  mammals  there  are  three,  I  have  little  doubt  that  what  he 
described  as  the  clavicular  origin  of  the  pectoral  was  really  the 
clavicidar  head  of  the  deltoid  This  mistake  has  been  made  before 
by  writers  on  myology ;  but  the  truth  may  easily  be  ascertained 
by  looking  for  the  nerve  supply :  in  Gymnura,  as  in  all  other 
mammals  that  I  have  examined,  the  clavicular  head  is  supplied 

^  "Petrogale  xanthopus,".  Proc.  Zool,  Soc.,  189Q,  p.  695. 

2  "  Sciuromorphine  Rodents,"  Proe.  Zool.  Soe.,  1894,  p.  277. 

3  "Terrestrial  Garni vora,*'  Proc,  Zool,  Soc.,  1897,  p.  881. 

*  The  ventral  i»art  of  the  ueck  was  not  available  for  dissection. 


THE   LIMB   MYOLOGY   OF   GrMXCJiA  RAFFLKSIL  315- 

by  the  circumflex  nerve.  The  deltoid  of  Gymnura  may  be 
regarded  as  typical  of  mammals  generally:  the  clavicular  head 
arises  from  the  outer  half  of  the  clavicle,  and  is  inserted  lowest 
down  (nearest  the  elbow)  into  the  deltoid  ridge ;  the  acromial 
head  arises  between  the  acromial  and  metacromial  process,  and  is 
inserted  deep  to  the  last,  and  further  away  from  the  elbow ;  the 
spinous  head  arises  from  the  whole  length  of  the  posterior  (caudal) 
lip  of  the  scapiUar  spine,  and  is  inserted  deep  to  the  acromial 
head,  and  nearer  the  shoulder  joint. 

The  Supra'Spinatus,  infra-tiphmtus,  teres  inajory  and  suh- 
scapularis  are  as  Dobson  describes  them. 

The  teres  minor  was  not  differentiated,  and  I  could  find  no 
branch  of  the  circumflex  jiassing  to  the  infra-spinatus.  From 
the  nerve  supply  of  the  teres  minor,  one  would  be  inclined 
to  regard  it  as  some  of  the  highest  fibres  of  the  spinous  part  of 
the  deltoid  which  have  acquired  an  attachment  to  the  subjacent 
infra-spinatus  ftiscia,  and  so  to  the  axillary  border  of  the  scapula ; 
the  insertion  into  the  back  of  the  head  of  the  humerus  can  be 
understood  when  one  realises  that  the  spinous  part  of  the  deltoid 
is  the  deepest  at  its  insertion, — i.e.^  the  most  posterior  of  all. 

Coraco-brdchialis, — Dobson  says  that  this  muscle  ia  absent. 
In  my  specimen  it  was  also  absent  on  both  sides.  It  is  a  curious 
fact  that  this  muscle  is  entirely  absent  in  certain  animals,  though 
others  closely  allied  to  them  possess  it.  Of  course,  the  statement 
of  one  oljserver  working  on  one  specimen  of  an  animal  is  not 
worth  much ;  but  in  three  separate  instances  I  have  confirmatory 
evidence.  In  the  first  case  I  found  the  muscle  absent  in  the 
viscacha  (Lagostomus)  on  both  sides ;  since  then  I  have  come 
across  another  specimen  in  which  it  was  also  wanting.  In  the 
Libyan  polecat  {letonyx  Lihyca)  I  found  no  trace  of  the  muscle  ; 
and  afterwards  Windle  dissected  a  specimen  of  Ictonyx  zorilla 
quite  independently,  and  in  that  it  was  absent  too.  This  case 
of  Gymnura,  in  which  both  Dobson  and  I  have  failed  to  find  the 
coraco-brachialis,  makes  the  third.^  The  curious  point  about  it 
is,  that  in  the  chinchilla,  closely  allied  to  the  viscacha,  in  the 
badger  and  common  polecat,  close'y  allied  to  Ictonyx,  and  in 

'  Since  writing  the  above,  I  find  that  Leche  {Fcstkrlft  for  Lilljehorgy  1896, 
p.  142)  has  also  noticed  the  absence  of  any  trace  of  tlie  coraco-brachialis  in 
Gymnura. 
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the  hedgeht^,  closely  allied  to  Gymniu-H,  a  coraeo-brachialis  is 
present. 

Bice2JS. — Only  the  long  head  is  present,  as  in  Dobson's  oase. 
This  is  undoubtedly  the  most,  primitive  form  of  the  muscle. 
As  far  as  1  know,  the  coracoid  head  is  never  present  when  there  is 
no  coraeo-brachialis.  The  insertion  is  into  the  ulna.  MacalisteF,^ 
in  the  kangaroo,  describes  two  parts  of  the  biceps, — coracp- 
radial  and  gleno-ulnar.  Of  these  the  latter  is  the  more  constant, 
and  is  the  one  present  in  Gymnura. 

Brachialia  antimis. — Only  the  external  part  of  this  muscle  is 
present.  It  arises  from  the  Imck  of  the  surgical  neck  of  nie 
humerus,  deep  to  the  origin  of  tlie  external  head  of  the  triceps, 
and  winds  round  the  outer  side  of  the  deltoid  impression  to  be 
inserted  with  the  biceps  into  the  ulna.  In  Dobson's  case,  how- 
ever, it  went  to  the  radius.  Many  mammals  possess  an  internal 
head  to  this  muscle,  arising  from  the  front  of  the  humerus ;  but 
the  one  here  present  is  tlie  more  constant  and  primitive. 

THcejys. — There  are  only  three  heads  to  this  muscle,  which 
answer  well  to  Dobson's  description.  In  many  mammals,  espe- 
cially the  carnivora,  these  three  heads  are  suMivided  intt)  five 
or  six. 

Ancvneits.^ — This  muscle  has  the  usual  mammalian  attachments, 
that  is,  the  same  as  in  man,  except  that  it  is"  a  relatively  lai^r 
muscle,  and  is  attached  to  more  of  the  hiunerus  and  ulna. 

Ejntrochleo-olecraficUis  (epitrochleo-anconeus,  Gruber).     As  is 
usual  in  mammals,  this  muscle  is  well  marked,  and  lies  super- 
ficial to  the  ulnar  nerve;  its  attachments  are  indicated  by  its 
.  name.     It  is  i|ot  described  by  Dobson.     ' 

The  Supinator  Imigus  is  absent,  as  in  Dobson's  specimen. 

Tlie  Siqnnator  hrcvis  is  small  and  unilaminar,  as  in  all 
mammals  below  the  Primates. 

Tlie  Eiimimres  carpi  rculiales  loiufior  el  brevior  are  ^ith  diffi- 
culty separated  in  their  muscular  part ;  the  tendon  of  the  brevior 
is  much  larger  than  that  of  the  longior. 

Extensor  cmnmunis  dlyitornm, — This  muscle  divides  into  two 
tendons  in  the  middle  of  the  forearm.  Lower  down,  each  of 
these  divides  into  three  slips:  the  three  slips  of  the  outer 
(radial)  tendon  go  to  the  2nd,  3rd,  and  4th  d^ts,  while  those 

^  Ann.  and  Mag,  Nat,  Hist,^  ser.  4,  p.  154  (1870). 
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of  the  inner  (ulnar)    tendon  go  to  the  2nd,  4th,  and  5th;  the 
.slip  to  the. second  digit . passing  deep  to  those  from  the  radial 
tendon. 

• 

The  Ej^temo^r  mi/Umi  diyiti  sends  tendons. to  the  4th  and  5th 
digits,  the  one  to  the  4th  passmg  deep  to  the  ulnar  slip  of  the 
CQmmunis  to  the  5th  digit.  All  these  extensor  tendons  of  the 
fingers  unite  in  a  common  expansion  on  the  dorsal  surface  of 
the  proximal  phalanx,  and  are  not  inserted  separately  as  Dobson 
describes  them. 

The  Exteiiiior  carpi  ul/iaris  is  inserted  into  the  base  of  the 
fifth  metacarpal  bone,  and  in  every  way  corresponds  to  the  same 
muscle  in  man. 

*  The  Extensor  ossis  Tnetacarpi  jwUicls  arises  from  the  back  (»f  the 
ulna  as  high  up  as  the  olecranon  process.  It  is  joined  by  a  slip 
from  the  supinator  brevis. 

The  Extensor  secundi  uiternodii  •pollids  arises  from  the  middle 
of  the  back  of  the  ulna.  No  tendon  passes  to  the  index,  as  in 
Dobson's  specimens.  There  is,  of  course,  no  extensor  primi 
internodii. 

The  Pronator  radii  teres  is   large,  and  passes  to  the   third 
;  quarter  of  the  radius.     As  in  all  the  lower  mammals,  there  is 
no  deep  head  to  it. 

The  Flexor  carpi  radialis  is  inserted  as  usual  into  the  palmar 
surface  of  the  base  of  the  2nd  metacarpal  bone ;  it  is  closely 
bound  down  to  the  lower  third  of  the  radius.  Dobson  states  that 
it  is  inserted  into  the  inferior  third  of  the  radius,  but  it  is  quite 
possible  that  he  may  have  mistaken  the  fibrous  sheath  which 
connects  it  to  that  bone  for  an  insertion.  This  I  think  the 
more  probable,  as  the  flexor  carpi  radialis  is  a  singularly  con- 
stunt  muscle  in  mammals. 

The  Palviaris  loiujiis  is  present  and  large;  it  ends  in  the 
palmar  fascia,  as  in  Dobson's  specimen.  In  the  description  of 
the  muscles  of  Erinaceus,^  Dobson  gives  an  interesting  account 
of  the  variations  met  with  in  this  muscle.  Sometimes  it  is 
closely  connected  with  the  flexor  sublimis,  sometimes  with  the 
flexor  carpi  ulnaris.  In  one  case,  two  palmares  longi  were  met 
with,  a  condition  often  found  among  the  carnivora. 

The  Flexor  sublimis  di/jitoriim  arises  as  usual  from  the  internal 

*  Insectiv7ra,  p.  50. 
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cxmAyle ;  it  sends  slips  to  the  2nd,  3rd,  and  4th  digits,  which  are 
perforated  in  the  nsual  manner.  Ab  is  usual  in  the  lower 
mammals,  a  strap- like  loop  passes  deep  to  the  flexor  profunda^ 
tendon  Ijefore  the  sublimis  divides,  to  allow  it  to  pass  throng^ 
It  is  interesting  to  notice  that  this  strap  and  the  perforated  port 
of  the  flexor  sublimis  tendon  were  found  in  the  theca  of  the  5th 
digit,  though  the  rest  of  the  tendon  to  that  digit  was  suppressed. 
This  arrangement  I  have  met  with  both  in  rodents  and 
carnivores. 

Tlie  Flexor  carpi  v.lnaris,  as  in  Dobson's  case,  arises  from  the 
condyle  and  the  inner  side  of  the  olecranon ;  the  two  headf^ 
rapidly  unite,  and  the  tendon  is  inserted  into  the  pisiform. 

The  Flexar  profitndus  di/fitoi^%tm  gives  a  good  example  of  the 
typical  arrangement  of  this  muscle  described  by  Windle.^  The- 
condylo-radial,  condylo-ulnar,  condylo-central,  radial,  and  ulnar^ 
heads  are  all  present.  As  is  usual,  the  condylo-central  is  smaller 
than  the  others.  The  tendon  divides  into  five  slips,  of  which  the 
one  to  the  pollex  is  joined  by  a  tendinous  band,  connected  at  its- 
other  end  to  the  palmar  ligaments  of  the  carpus.  The  five 
heads  were  found  by  Dobson. 

There  are  four  lumbricales,  as  in  Dobson's  specimen.  In 
Erinaceus  the  lumbricales  are  usually  absent  or  rudimentary. 

The  muscles  of  the  hand  are  in  a  very  rudimentary  condition. 
There  is  a  double-headed  flexor  brevis  to  each  digit,  including^ 
tlie  j)ollex  ;  there  are  no  adductors  superficial  to  these,  and  no 
interossoi  dorsal  to  them. 

No  thenar  muscles  are  specialised,  but  there  is  a  distinct  and 
well-marked  abductor  minimi  digiti  from  the  pisiform. 

I)ol)8on*8  description  agrees  with  this,  except  that  he  found  a 
partly  differentiated  abductor  poUicis. 

ilUSCLKS  OF  THE  POSTERIOR   EXTKEMITY. 

Gluteus  ma^vimus  (Ectogluteus)  and  Tensor  fascia:  femoris. — 
Tliose  muscles  form  one  sheet,  and  are  inseparable.  Tlie  origin 
is  from  the  crest  of  the  ilium,  sticral  and  anterior  caudal  spines, 
and  the  fascia  covering  the  tail  muscles ;  the  anterior  fibres  pass 
to  W  inserteil  into  the  fascia  on  the  outer  side  of  the  thi^,  as 
far  as  the  middle;  the  posterior  run  to  an  ill-developed  thinl 

'  Journal  of  AnaL  atuf  Phys.,  xxiv.  p.  72. 
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trochanter,  just  below  the  great  trochanter.  Two  nerves  supply 
this  sheet, — the  anterior  part  by  a  nerve  which  emerges  round 
the  anterior  (cephalic)  border  of  the  gluteus  medius,  the  posterior 
by  one  winding  round  the  posterior  (caudal)  edge  of  the  same 
muscle.  The  former  probably  corresponds  to  the  human  superior 
gluteal  nerve,  tbe  latter  to  the  inferior  gluteal. 

Gluteus  medius  (Mesc^luteus)  has  a  horseshoe-like  origin  from 
the  fascia  over  the  tail  muscles,  from  the  crest  of  the  ilium,  and 
from  the  ventral  border  of  the  same  bone.  It  is  inserted  into 
the  diagonal  line  on  the  outer  side  of  the  great  trochanter. 

Gluteus  minimus  (Entogluteus)  arises  from  the  external  surface 
of  the  ilium  within  the  horseshoe-shaped  origin  of  the  medius, 
and  is  inserted  into  the  anterior  surface  of  the  great  trochanter. 
No  other  gluteal  muscles  were  present,  though  they  were  care- 
fully looked  for. 

Ptfriformis. — Dobson  says  that  there  is  no  trace  of  this 
muscle.  This  statement  I  can  quite  indorse:  absolutely  no 
fibres  emerge  from  the  great  sciatic  notch  dorsal  to  the  sciatic 
ner\'e,  and  there  is  no  separate  tendon  of  insertion  into  the 
trochanter.  The  pyriformis  is  evidently  incorporated  with  the 
mesogluteus,  or  not  yet  differentiated  from  it. 

The  Biceps femoris  (Flexor  cruiis  lateralis)  is  very  large:  it 
arises  from  the  tuber  ischii,  and  is  inserted  into  the  lower  half  of 
the  femur  as  well  as  into  the  fascia  of  the  upper  three-quarters 
of  the  leg ;  the  lower  fibres  form  a  narrow  tendon,  which  joins 
the  tendo  Achillis.  The  muscle  is  joined  by  a  slip  from  the 
semitendinosus,  which  has  a  tendinous  intersection  in  it. 

Tlie  Tenuissimus  arises  by  a  narrow  tendon  from  the  deep 
surface  of  the  biceps;  this  soon  broadens  out  into  a  ribbon-like 
muscle,  and  is  inserted  into  the  fascia  of  the  lower  part  of  the 
leg. 

The  SemitendinosvjS  arises  by  two  heads,  superficial  and  deep, 
the  superficial  head  comes  from  the  caudal  vertebrse ;  part  of  it 
joins  the  biceps  as  already  stated,  part  unites  with  the  deep  head 
from  the  tuber  ischii.  Where  these  two  heads  unite  in  the 
middle  of  the  thigh,  there  is,  as  is  so  often  the  case  among 
mammals,  a  tendinous  intersection.  The  insertion  of  the  semi- 
tendiQosus  is  into  the  cnemial  crest  of  the  tibia,  at  the  junction 
of  upper  and  middle  thirds  of  the  leg. 
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The  Semirrtemhuiiosm  arises  from  the  fascia  over  the  tail 
mujscles  and  from  the  tuber  ischii ;  it  follows  the  typical  mam- 
malian arrangement,  by  dividing  into  two  nearly  equal  parts,  the 
more  superficial  of  which  is  inserted  into  the  tibia  deep  to  the 
internal  lateral  ligament  of  the  knee,  while  the  deep  part  or 
pre-semimembranosus  is  attached  to  the  femur  just  above  the 
internal  condyle ;  this  part  is  represented  in  man  by  the  portion 
of  the  adductor  magnus  supplied  by  the  great  sciatic  nerve. 

The  Qxmdratiis  femoins  has  a  very  large  origin  from  the  outer 
side  of  the  tuber  ischii :  it  is  inserted  between  the  trochanters  on 
the  back  of  the  femur. 

Obturator  interiius  and   Gemdli — These    muscles    have    the* 
usual  mammalian  origins  and  insertions,  but   the  gemelli  are 
veiy  small     In  Dobson's  specimen,  the  obturator  internus  was 
*  absent. 

The  Sarlorius  (Ilio-tibialis)  arises  from  what  should  be  tlie 
anterior  (cephalic)  end  of  the  symphysis  pubis,  though,  owing  to 
the  ill-developed  condition  of  the  pubis  in  Gymnura,  it  is  difficult 
to  homologise  the  parts  of  it  with  those  of  other  mammals.  The 
insertion  is  into  the  upper  part  of  the  cnemial  crest  of  the  tibia. 
I  regard  this  muscle  as  ilio-tibialis,  because  it  is  supplied  by  the 
anterior  crural  nerve. 

The  Pectineus  arises  from  the  same  place  as  the  ilio-tibialis,  but  * 
just  deep  to  it :  it  is  inserted  into  the  upper  half  of  the  posterior 
suriface  of  the  femur. 

There  are  two  GracileSy  as  is  the  case  in  many  other  mammals. 
The  anterior  of  these  arises  from  the  unjoined  pubic  symphysis, 
posterior  (caudad)  to  the  origin  of  the  ilio-tibialis :  it  is  inserted 
into  the  cnemial  crest  below,  and  slightly  under  cover  of  the 
insertion  of  the  ilio-tibialis.  The  posterior  gracilis  arises  from  the 
subpubic  arch,  and  is  inserted  with  the  last,  but  deep  to  it.  In- 
myological  literature  it  is -very  common  to  find  one  of  these 
graciles  described  as  a  second  sartorius :  this  is  done  by  Dobaon 
in  Erinaceus,  where  the  anterior  of  the  two  graciles  is  called 

*  sai:t6riu8  alter.'      My  reason  for  calling  both   these  muscles 

*  gracilis^  is,  that  t*iey  ai*e  both  supplied  by  the  obturator  nerve. 
In  some  maaiiliab  the  sartorius  is  double,  but  it  is  always  sup- 
plied by  the  anterior  crural  or  superior  gluteal  nerve. 

The  Adductor  mass  cannot   be  satisfactorily  separated   into 
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I&yepsi:  it  arises  from  the  symphysis  aud  subpubic  arch,  aud  is 
inserted  into  the  whole  length  of  the  back  of  the  femur. . 

The  Quadriceps  extensor  ei'iiris  presents  nothing  worthy  of 
special  remark.  The  rectus  femoris  lias  two  heads,  as  is  usual 
ill  mammals,  while — a  condition  which  is  also  usual — the  vastus 
lateralis  is  greater  than  the  vastus  medialis. 

The  Tihicilis  mUicus,  as  Dobson  states,  is  very  lai^  :  it  arises 
from  the  upper  half  of  the  tibia,  as  well  as  from  the  fibula. 
The  tendon  does  not  divide,  as  it  does  in  many  mammals:  it  is 
inserted  into  the  entocuneiform  and  first  metatai  sal  bones. 

•  Extensor  projyrius  kuUucis. — This  muscle  agrees  with  Dobsori's 
dfescription.  It  arises  from  the  middle  third  of  the  tibia,  and  its ' 
tendon  passes  through  the  same  sheaths  in  the  annular  ligament 
as  the  tibialis  anticus.  Close  U)  the  insertion  of  the  latter 
muscle  it  is  bound  down  by  a  loop  of  fibrous  tissue,  beyond  whick 
it  runs  along  the  dorsum  of  the  hallux. 

The  E.rteiisor  lonf/u^i  diffltoriim  arises,  as  is  usual  in  mammals, 
from  the  front  of  the  external  condyle  of  the  femur  by  a  riband- 
like tendon.  Its  tendon  of  insertion  passes  througli  a  strong  « 
fibrous  pulley,  which  binds  it  to  tlie  caleaneum  and  prevents  it 
from  shifting  inwards.  It  is  inserted  into  tlie  middle  and  distal 
{flanges  of  the  four  outer  toes  in  the  usual  manner. 

The  Eaitensor  brevU   d'ujUoram   wjus   ^is   on   the  left  side  of 
Dobson's  specimen.     It  arose  from  the  caleaneum  and  sent  slips 
to  the  four  inner  toes,  that  to  the  first  toe  being  inserted  into 
the  proximal  phalanx,  while  the  other  three  joined  the  tendons  : 
of  the  extensor  longus  to  their  respective  toes. 

Gymnura  is  an  extremely  good  animal  in  which  to  study  the  • 
peroneal  muscles  in  their  most  generalised  arrangement. 

The  Penmeuslovz/us  arises  from  the  head  of  the  fibula  and,  to  a  • 
considerable  extent,  from  the  internuiscular  septa  and  fascia 
covering  it.  It  is  also  in  close  connection  with  the  exteraal 
lateral  ligament  of  the  knee  joint.  Its  tendon  passes  di>wn  and, 
at  the  external  malleolus,  lies  in  a  groove  which  is  quite  distinct 
from  that  for  the  other  peroneal  tendons,  and  is  situated  on  the 
outer  side  of  the  malleolus.  It  then  passes  across  the  sole  to  the 
bbse  ctf  the  1st  metatarsal  bone.  ' 

The  Peroneals  brevis  arises  from  the  upper  hdf  of  the  shajt.  of 
the  fibula,  and  passes  down  in  a  groove  behind  the  external^iaal- 
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leolus,  where  it  lies  between  the  tendons  of  the  peroueus  qiiarti 
and  quinti  digiti.  As  it  passes  round  the  malleolus  to  reach  the 
base  of  the  fiftli  metatarsal  bone,  a  sesamoid  cartilage  is  de- 
veloped in  the  tendon. 

The  Peroneus  quinti  digiti  arises  from  the  upper  part  of  the 
back  of  the  shaft  of  the  fibula,  just  below  the  origin  of  the 
peroneus  longus.  Its  tendon  passes  through  the  same  groove 
as  that  of  the  peroneus  brevis,  lying  to  the  outer  side  of  that 
tendon.  After  it  has  passed  round  the  malleolus  it  runs  along 
the  dorsum  of  the  fifth  toe  to  join  the  extensor  longus  tendon. 

The  Peroneus  qv/irti  digiti  arises,  as  is  usual,  from  the  fibula 
below  the  last.  Its  tendon  passes  in  the  same  groove  as  the 
peroneous  brevis,  but  on  the  inner  side  of  it.  It  is  inserted  into 
the  extensor  longus  tendon  on  the  dorsum  of  the  fourth  toe. 

From  my  experience  of  the  peroneal  muscles  of  other  mam- 
mals, I  believe  that,  when  all  four  muscles  are  properly  developed, 
the  peroneus  longus  always  arises  highest,  and  passes  through  a 
separate  groove  on  tlie  outer  side  of  the  malleolus.  The  peroneus 
(quinti  digiti  always  arises  above  the  peroneus  quarti,  and  these 
two  pass  one  on  each  side  of  the  peroneus  brevis  in  the  same 
groove  behind  the  malleolus. 

Dobson  says  that  all  the  peroneal  muscles  arise  together  in 
(jymnura  from  the  head  of  the  fibula,  and  he  describes  the 
peroneus  quinti  digiti  as  dividing  into  two  slips  for  the  fourth 
and  fifth  toes.  I  am  confident  that  further  dissection  would  have 
shown  him  that  all  four  were  reallv  distinct. 

The  Gastrocmmius  is  large  and  has  the  usual  two  heads,  in  the 
outer  of  which  a  bony  fal)ella  is  developed.  If  the  tendo  Achillis 
be  examined  it  will  be  noticed  that,  as  is  usually  the  case  in 
mammals,  the  tendinous  fibres  derived  from  the  inner  head  pass 
superficially  to  those  from  the  outer  head,  to  reach  the  outer  side 
of  the  tendon. 

The  Soleus  arises  from  the  back  of  the  head  of  the  fibula,  and 
unites  with  the  external  head  of  the  gastrocnemius  at  the  com- 
mencement-of  the  tendo  Achillis. 

The  Plantaris  arises  in  common  with  the  outer  head  of  the 
gastrocnemius,  and  passes  round  the  tuberosity  of  the  calcanemn 
to  the  sole,  where  it  divides  into  two  layers,  the  more  superficial 
being  the  plantar  fascia,  tlie  original  insertion  of  the  muscle,  the 
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deeper  being  the  flexor  brevis  digitorum,  which  has  acquired  a 
secondary  connection  with  the  plantaris,  and  which  goes  to  the 
second,  third,  and  fourth  toes. 

The  Fopliteus  arises  from  the  front  of  a  very  deep  groove  on 
the  outer  side  of  the  external  condyle  of  the  femur :  it  is  inserted 
into  the  upper  half  of  the  inner  border  of  the  tibia.  There  is  no 
interosseous  muscle  deep  to  it. 

The  Tibialis  posticus  arises  from  the  back  of  the  head  of  the 
fibula  and  runs  down  in  the  most  internal  groove  behind  the 
internal  malleolus,  to  be  inserted  into  the  navicular  bone.  This 
is  evidently  the  same  muscle  as  Dobson's  tibialis  posticus 
4?xternu8. 

The  Flexor  tibialis  arises  from  the  back  of  the  inner  tuberosity 
of  the  tibia,  as  well  as  from  the  inner  border  of  the  upper 
part  of  the  shaft  of  that  bone:  its  tendon  passes  through  the 
same  groove  as  that  of  the  tibialis  posticus,  and  in  the  sole 
joins  the  tendon  of  the  flexor  fibularis.  There  can.  be  no 
doubt  that  this  is  the  same  muscle  which  Dobson  has  described 
under  the  name  of  the  tibialis  posticus  internus :  the  only  dififer- 
ence  is  the  method  in  which  the  tendon  was  inserted  ;  in  his 
case  it  spread  out  in  the  sole,  superficial  to  the  plantar  fascia, 
and  ended  in  the  central  callosity  of  the  foot:  this  seems  to 
me  a  most  unusual  insertion  for  any  of  the  deep  muscles  of 
the  back  of  the  leg ;  it  is  work  which  the  plantaris  might  be 
expected  to  do.  Again,  it  will  be  noticed  that  Dobson  describes 
no  flexor  longus  hallucis  (flexor  fibularis),  but  says  that  it  is 
completely  fused  with  the  flexor  longus  digitorum, — ^a  condition 
of  afi&irs  which  would  make  (rymnura  one  of  the  most  anoma- 
lous of  animals  in  its  leg  myolog}'.  There  can,  I  think,  be 
little  doubt  that  Dobson  either  chanced  on  an  abnormal  animal, 
or  mistook  the  insertion  of  the  flexor  tibialis.  That  my  specimen 
of  Gymnura  is  normal  in  the  arrangement  of  these  muscles  is 
rendered  the  more  likely,  because  it  reproduces  the  generalised 
mammalian  arrangement. 

The  Flexor  fibularis,  which  corresponds  to  Dobson's  flexor 
digitorum  longus,  arises  from  the  back  of  the  upper  two-thirds 
of  the  tibia  and  fibula,  as  well  as  from  an  intermuscular  septum 
on  the  outer  side  of  the  leg,  between  it  and  the  peroneL  Its 
tendon  passes  through  a  groove  external  to  that  for  the  tibialis 
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posticus  and  flexor  tibialis,  and,  in  the  sole,  sends  off  slip»  for' 
the  four  outer  toes. 

There  were  four  Lnmbricales,  but  I  failed  to  notice  whether* 
their  arrangement  was  the  same  as  in  Dobson's  specimen. 

The  Flexor  accessorins  was  in  my  case  evidently  abnormal :  it 
rose  as  a  perfectly  distinct  muscle  from  the  anterior  part  of  the 
external  surface  of  the  calcaneum;  by  flesh;  soon  after  this  it* 
narrowed  and  became  tendinous,  -crossed  'superficially  the  long 
flexor  tendons,  receiving  a  small  reinforcing  tendon  from  the 
long  flexor  mass,  and  was'  inserted  into  the  terminal  phalanx 
of  the  hallux,  to  which,  it  will  he  remembered,  no  slip  was  given 
from  the  flexor  fibularis. 

Among  the  other  sole    muscles    the  Flexor  hrevis  digitonim 
has  already  been  described  as  forming  the  flexor  perforatus  of 
the  2nd,  3rd,  and  4th  digits. 

The  Ahdndor  halhms  does  not  arise  from  the  calcaneum,  but 
from  the  base  of  the  metatarsal  bones. 

The  Abdnctor  metatarsi  qidnti  arises  from  the  calcaneum;  and 
ends  in  the  base  of  the  5th  metatarsal  bone.  This  was  also 
noticed  by  Dobson,  who  calls  it  Abductor  ossis  metatarsi  minimi 
digiti. 

The  Addudcyr  mdicis  was  present  as  in  Dobson's  specimen. 

Double  Flexores  hrevis  were  present  in  all  the  five  toes,  and 
there  were  no  dorsal  interossei  at  all. 


A  CASE  OF  ECTOPIA  CORDIS  Q  FISSURA  STERNI.^ 
By  G.  Fleming  Barnaudo,  M.B.,  CM.  Edin. 

Thb  subject  of  the  present  comm\inication  is  a  very  interesting 
congenital  abnormality,  occurring  in  an  otherwise  well-formed 
child,  whose  clinical  history  was  reported  by  Dr  Graham  Grant 
in  the  British  Medical  Journal,  5th  December  1896,  and  which 
was  observed  by  us  during  the  few  hours  of  its  life.    . 

On  examination  some  hours  after  death,  the  body,  which  was 
that  of  a  female  child,  presented  every  appearance  of  health,  of 
being  well  nourished,  and  was  at  the  stage  of  development  of  a 
seven  month  foetus,  weighing  4J  lbs.  The  trunk  measured  33 
cm. ;  the  upper  extremity,  from  tip  of  acromion  to  tip  of  second 
finger,  measured  19  cm. ;  the  lower  extremity,  from  tip  of  tuber 
ischii  to  tip  of  heel,  measured  17  cm.  The  umbilicus  occupied  a 
position  20*5  cm.  from  the  vault  of  skull.  The  chest  was 
flattened  antero-posteriorly,  and  broadened  laterally,  especially 
at  the  lower  part.  The  transverse  measurement  at  the  fourth 
rib  was  10  cm.;  at  the  seventh  rib,  11  cm.  The antero-posterior 
measurement  at  the  second  thoracic  vertebra  was  5*8  cm.,  while 
at  the  ninth  thoracic  vertebra  9'8  cm. 

The  heart  was  seen  lying  outside  the  thoracic  cavity,  and  freely 
movable,  being  suspended  by  a  pedicle  which  springs  from  the 
base  of  the  heart  and  was  attached  to  the  thoracic  wall.  On 
pressure  on  the  chest  there  was  no  resistance  indicating  the 
presence  of  the  sternum,  and  the  rib  cartilages  were  noticed  to 
end  some  distance  from  the  middle  line.  There  was  no  hernia 
at  the  umbilicus.  In  every  other  respect  the  child  appeared 
liormaL 

Description  of  the  Ahnorrrvality. — As  above  stated,  the  heart 
occapied  a  position  outside  the  chest  wall,  and  was  freely 
movable  on  a  pedicle  which  attaches  it  to  the  thoracic  walL 
This  pedicle  contained  the  aorta,  the  pulmonary  artery  and 
veins,  with  the  ven«  cavae.     The  general  direction  of  the  heart 

was  obliquely  towards  the  left  side,  with  apex  pointing  some- 

• ,         .     • 

'  Rea'd  before  the  Anatomical  Society  of  Great  Britain  and  Ireland,  1^97. 
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what  forwards  and  upwards,  and  so  placed  that  tlie  left  ventricle 
is  the  more  anterior.  The  apex  was  not  bifid,  but  a  distinct 
sulcus  dividing  it  into  two  was  noticed  during  life ;  this  was 
superficial,  as  subsequent  dissection  showed.  The  arrangement 
of  the  chambers  of  the  heart  was  normal,  and  there  was  no 
pericardial  sac.  The  visceral  pericardium,  as  it  leaves  the  wall 
of  the  heart,  was  continued  outwards  for  some  distance,  and 
finally  blended  with  the  skin  of  the  body  generally  in  a  raised 
margin.  The  skin  here  and  there  invaded  this  area,  rendering 
the  line  of  junction  an  irregular  one.  The  shape  of  this  area 
was  roughly  ellipsoidal,  with  the  narrow  end  at  the  insertion  of 
the  umbilical  cord,  and  the  broad  end  blended  with  the  attach- 
ment of  the  pedicle  to  the  chest  wall.  The  heart  measured, 
from  the  tip  of  the  auricular  appendix  to  the  apex,  41  cm.; 
and  transversely,  from  one  auricular  appendix  to  the  other, 
44  cm.  During  life,  at  each  systole,  the  apex  was  tilted  right 
upwards  so  as  to  touch  the  child's  chin,  the  heart  shortening 
itself  along  its  long  axis  at  the  same  time.  These  movements 
were  very  free,  and  often  exposed  the  child*s  heart  to  the  risk 
•of  injury.  In  spite  of  the  difficulties  under  which  the  heart 
was  acting,  the  circulation  was  not  much  impeded,  as  there  was 
only  very  slight  cyanosis,  and  the  lungs  were  not  cedematous. 
Death  was  probably  due  to  inHammatory  processes  set  up  in 
the  heart,  as  result  of  ite  exposed  position  and  the  friction  of 
the  lint  which  was  put  on  to  protect  it. 

By  dissecting  the  thorax  from  behind,  one  was  able  to  preserve 
the  condition  of  parts  complete  in  the  front  of  the  chest,  and  so 
not  to  spoil  the  appearance  of  the  specimen.  The  dissection  was 
Ciirried  out  by  removing  the  vertebrte  mesially,  and  then  sepa- 
rating the  two  sides  of  the  body.  The  lungs  were  normal  in 
structure,  each  pleural  sac  occupying  its  own  half  of  the  chest 
completely,  and  being  in  apposition  with  that  of  the  opposite 
side  along  the  whole  middle  line,  except  at  the  region  of  the 
roots  of  the  lungs  and  at  the  upper  part  of  the  cavity.  It  was 
curious  to  note  that  the  left  lung  had  a  definite  tongue-shaped 
]>rolongation  on  its  anterior  border,  such  as  one  generally  meets 
in  this  situation. 

The  sternum  was  found  divided  into  halves,  each  bar  being 
in  relation  to  the  sternal  ends  of  the   costal  cartilages,   and 
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bounding  laterally  the  opening  in  the  anterior  thoracic  wall. 
Their  situation  is  well  shown  in  the  figure,  as  immediately 
underneath  the  margin  where  the  skin  and  the  serous  surfaces 
blend.  The  sternal  bars  are  represented  by  the  narrow  strips 
of  cartilage,  which  are  prolonged  upwards  for  a  short  distance 
towards  the  neck,  with  which  the  clavicle  articulates  on  both 
sides.  The  upper  ends  of  these  bars  are  separated  to  the  extent 
of  two  inches,  the  space  being  bridged  over  by  a  band  of  fibrous 
tissue,  to  which  some  fibres  of  sterno-thyroid  are  attached.  The 
lower  ends  of  these  bars  are  4  inches  apart ;  the  left  one  is 
prolonged  onwards  for  a  short  distance  as  a  projection,  remaining 
free  from  the  ends  of  the  costal  cartilages.  The  right  sternal 
piece  has  five  cartilages  in  apposition  with  it ;  the  left,  however, 
has  seven.  The  upper  ends  of  the  recti  abdominis  are  separated 
by  a  wide  interval  mesially.  The  heart  was  found  lying  on  the 
central  tendon  of  the  diaphragm,  and  was  quite  healthy.  There 
was  the  usual  foetal  incompleteness  of  the  interauricular  septum, 
but  the  ventricular  septum  was  complete.  The  various  structures 
and  organs  of  the  child's  body  were  carefully  examined,  but  no 
other  abnormality  was  found. 

Literature  contains  a  considerable  number  of  such  cases  as  the 
above  described,  where  the  ectopia  cordis  is  uncomplicated  with 
other  hernial  protrusions ;  but  the  condition  must  be  looked 
upon  as  not  very  common.  It  is  not,  however,  so  rare  among 
the  lower  animals,  especially  birds,  as  there  are  several  instances 
recorded,  and  there  are  probably  many  more.  The  extraordinary 
thing  is,  considering  the  position  which  the  heart  occupies  in  the 
early  stages  of  the  development  of  the  human  foetus,  that  there 
are  not  many  more  cases  occurring.  All  the  cases  seem  very 
much  alike,  and  one  description  would  almost  do  for  them  all. 
In  some  cases  it  is  stated  that  there  was  no  sternum:  at  the 
same  time,  no  mention  is  made  of  a  dissection  having  been 
carried  out,  so  that  this  statement  cannot  be  taken  without 
further  proof.  The  movements  of  the  heart  were  in  all  the 
cases  exactly  the  same;  and  although  in  one  or  two  cases  the 
children  were  born  dead  or  never  breatlied,  others  showed  every 
sign  of  live  birth.  Every  case  died,  however,  soon  after  birth ; 
in  general  within  a  few  hours.  Dr  Braun  Fernwaldt,  in  a  recent 
case,  notices  that  during  systole  the  heart  becomes  redder  than 
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during  diastole,  when  it  becomes  pale.     This  certainly  was  not 

the  case  in; the  present. instance^,  the  reverse  being  true.     There 

were  during  systole  isalated  patches  of  more  marked  pallor  here 

.  and  there,  but  these  were  taken  to  be  the  points  of  attachment 

•  ofmusculi  papillares^  or  columnse  carnese. 

Probable  cause  of  Malfortnatwn.-^ThQ  theories  advanced  differ 
.  very  materially  from  each  other,  and  generally  tend  to  explain 
.  the  condition  by  supposing  some  mechanical  cause  to  have  been 
in  operation.     Now,  it  seems  unlikely  that  the  same  cord  or  the 
.same  adhesion •  could  recur  with   t^at  unfailing  regularity  as 
to  produce  these  cases  time  after  time.  .  Barton  Cooke   Hirst 
suggests,  that  the  exciting  cavise  is  an  over-distended  heart,  froui 
increased  blood-pr-essure  preventing  early  closure  of  the  sternal 
-bars.     The  evidence  of  this  is  wanting.     Dr  Braun  Fernwaldt 
proposes  to  regard  these  cases  as  caused  by  adliesious  occurring 
between  the  chest  wall  of  the  foetus  and  the  membranes,  which 
,  leads  eventually  to  rupture,  .of  thoracic  wall  and  escape  of  the 
heart.     That  adhesions  do  occur,  and  that  fairly  frequently  in 
cases  of'  abnormal  development^  lends  probability  to  this  sugges- 
tion.     One  of  the  theories  as  to  thccause  of  the  condition  known 
as  extroversion  of  the  bladder  rests  on  ^n  assumption  that  at  an 
early  period  the   allantoic  > pedicle   becomes  fix«d  by  adhesion, 
and  then;  when  subsequent  growth  of  the  foetus  occurs,  traction  is 
exerted  on  the  umbilicus,  and  from  that  point  down  along  the 
mesial  line  ventrally,  so  preventing  the  complete  closure  of  the 
abdominal  cavity,  and  leading  to  a  permanent  patency  of  the 
urachus,  and  finally  to  expasure  of  the  cavity  of  the  bladder. 
There  are  thus  some  points  of  analogy  between  the  production  of 
this  condition  and  that  of  ectopia  cordis.     Vrolik  suggested  that 
perhaps  the  closure  of  the  abdominal  cavity  before  the  thoracic 
might  tend  to  leave  the. heart  outside,  and  so  prevent  union  of 
the  sternal  bars.     Probably,  however,  moi-e  will  be  learnt  from 
these  anomalies  of  the  true  normal  process  of  development,  by 
tracing  eacli  anomaly  back  to   the   time   up   to  vvhich  it   was 
developing   normally,   and   from   which  it   became    an   abnor- 
mality. 

The  heart  is  amongst  the  first  organs   to  be  developed,  its 

development  occurring  at  the  cepliaUc  iiexure  during  the  fornoa- 

.  tion  of  the  amniotic  folds,  and  the  clocmre  of  the  primitive  pbaryn;c 
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into  a  foregut.  The  first  step  in  the  process  is  the  formation  of 
two  coiled  tubes,  uniting  mesially  and  forming  a  single  tube, 
which  eventually  becomes  the  four- chambered  heart.  At  this 
early  period,  while  the  single  coiled  tube  exists,  the  heart  is  very 
large,  and  occupies  a  very  prominent  position,  lying  on  the  uin- 
bilical  vesicle.  This  is  the  condition  of  parts  in  a  three  weeks  old 
fcDtus.  In  an  embryo  3  cm.  long,  Euge  showed  that  choudrification 
had  extended  round  the  body  wall,  and  that  from  the  ends  of  the 
seven  which  are  afterwards  to  become  costal  cartilages,  a  series 
of  buds  develop,  which;  uniting,  form  two  longitudinal  strips  of 
cartilage :  these  subsequently  fusing  in  the  middle  line,  give  rise 
■to  the  cartilaginous  sternum.  This  preliminary  stage,  in  which 
the  sternum  is  represented  by  two  longitudinal  strips,  is  what 
persists  in  the  present  case,  and  the  heart  has  retailed  its 
primitive  position.  The  entire  absence  of  pericardium  is  not 
difficult  of  explanation.  On  looking  at  a. longitudinal  section 
of  an  embryo  in  which  the  heart  is  just  forming,  one  notices 
that  the  heart  is  covered  by  the  somatopleure,  which  is  being 
reflected  over  the  umbilical  vesicle  as  the  amniotic  fold. 
Now,  if  the  embryo  continues  to  develop  and  the  heart  still 
remains  practically  covered  by  the  amniotic  membranes, — in 
other  words,  forming  a  hernia  into  the  root  of  the  umbilical 
vesicle, — then  it  would  only  .req.uire  .these  to  be  stripped  off* 
during  the  growth  of  the  child  for  the  heart  to  be  uncovered  and 
left  exposed.  This  being  so,  one  cannot  help  asking  why  ectopia 
cordis  is  so  rare;  and  if  it  is  rare,  there  must  be  some  ver}' 
definite  law  governing  the  closure  of  the  body  cavity  in  the 
thoracic  region,  which  operates  with  greater  regularity  than  in 
the  case  of  many  other  forms  of  foetal  abnormality  which  are  of 
more  common  occurrence.  The  fact  that  ectopia  cordis  is  more 
Gommonly  met  with  amongst  birds  seems  to  suggest  that  perhaps 
some  of  the  steps  in  the  development  of  their  circulatory  system 
lend  themselves  more  readily  to  this  hernia  of  the  heart. 

Those  cases  in  which  the  heart  is  within  the  thorax,  with  a 
•bifid  sternum,  might  be  explained  by  supposing  the  dispropor- 
tionate growth  of  the  heart  was  not  so  far  in  advance,  but  still 
suflBicient  to  prevent  closure  of  the  sternal  bars  completely,  and 
that  the  heart  was  enabled  to  retire  inside  the  chest  wall,  in 
consequence,  subsequently.    The  association  of  structural  changes 
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within  the  heart,  such   as   deficient  septa  or  bifid  apex,  with 
ectocardia,  lends  some  support  to  this  view. 

I  would  like  to  acknowledge  here  Dr  Keith's  kindness  and 
assistance :  also  to  thank  Professor  Windle  and  Dr  Ballautvoe 
for  references  to  the  literature. 
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THE  CAUSATION  OF  BRACHY-  AND  DOLICHO- 
CEPHALT.    By  Prof.  Macalistkb. 

It  has  been  cast  up  as  an  opprobrium  on  Physical  Anthro- 
pology that  its  literature  consists  of  endless  tables  of  measure- 
ments, designated  by  long  and  ill-sounding  names,  compared 
and  combined  to  form  numerous  indices ;  and  that,  withal,  there 
is  very  little  of  a  theoretic  basis  underlyii^  these,  or  of  a 
principle  upon  which  the  selection  of  measurements  depends. 
The  classification  of  crania  is  still  as  arbitrary  and  empirical  as 
Anders  Betzius  left  it. 

In  a  former  communication,  read  at  the  Edinburgh  Meeting  of 
the  British  Association,  I  endeavoured  to  determine  the  nature 
of  several  influences  which  act  on  the  growing  skull,  and  which 
determine  its  shape.  In  the  present  paper  I  give  the  results 
of  a  few  observations  bearing  on  the  mechanism  of  the  produc- 
tion of  long-  or  short-headedness. 

The  skull,  which  is  either  long  or  short,  is  the  brain-case ;  and 
the  length  or  shortness  of  the  cerebral  hemisphere  is  correlated 
to  that  of  the  bony  case  which  cont-ains  it.  There  are  two 
alternative  conditions  of  relationship  between  which  we  have  to 
choose :  either  skull-shape  determines  brain-shape,  and  moulds 
the  contained  oi^gan  ;  or  brain-shape  determines  skuU-shape,  and 
is  the  mould  on  which  the  skull  is  developed.  The  third 
possibility,  that  both  may  depend  on  a  third  independent  factor, 
may  for  the  present  be  discounted. 

There  are  a  few  elementary  facts  which  must  be  borne  in 
miud  as  fundamental  in  this  inquiry : — 

1.  That  in  the  early  formative  period  the  cranial  wall  is  for 
the  most  part  soft  and  non-resisting ;  and  when  its  bony  elements 
first  appear  they  are  separate,  and  scattered  in  this  soft  tissue. 

2.  When  in  the  human  brain  the  first  trace  of  convolutiomng 
appears  at  the  beginning  of  the  eighth  week,  the  brain-case  is 
soft,  and  bone  is  only  represented  by  the  ten  or  twelve  tiny 
specks  in  the  mass  of  membrane  or  cartilage.  That  these  con- 
volutions are  not  due  to  the  growth  of  the  brain  surface  under 
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constraint  is  shown  by  the  fact  that  by  the  end  of  the  sixteenth 
week,  although  ossification  has  made  considerable  progress,  yet 
these  primary  transitory  convolutions  have  been  smoothed  out 
and  the  surface  of  the  hemisphere  has  become  uniform  again. 

3.  In  these  early  stipes  the  growing  surface  of  the  brain  is 
not  in  contact  with  the  wall  of  the  membranous  precursor  of  the 
skulL  Sections  through  the  foetal  head  at  this  early  period 
show  that  there  is  a  layer  of  soft  fluid-holding  embryonic  tissue 
intervening ;  and  that  when  the  cerebral  surface  begins  to  grow 
oat  at  certain  spots,  these  projections  jut  into  the  substance  of 
this  exceedingly  soft  precursor  of  the  arachnoid,  and  do  not  come 
at  first  in  direct  contact  with  the  more  resisting  tissue  of  the 
skull. 

4  The  appearance  of  the  surface  of  the  cerebrum  at  the 
beginning  of  the  fifth  month,  when  the  permanent  convolutions 
are  about  to  form,  shows  that  the  surface  of  the  hemisphere  is 
growing  unequally :  certain  areas  increase  more  rapidly  than 
others,  and  bulge.  These  bulges  are  separated  by  areas  of  less 
rapid  growth ;  hence,  at  first  the  sulci  are  wide  open  valleys, 
and  the  convolutions  appear  as  rounded  eminences.  It  is  not 
until  the  eighth  mouth  that  the  sulci  begin  to  assume  the  linear 
character  which  is  distinctive  of  their  later  stages. 

It  is  now  admitted  by  all,  that  the  different  areas  of  the 
cerebral  hemisphere  are  connected  directly  with  the  discharge  of 
special  functions ;  and  it  is  a  fair  inference  that,  as  growth  else- 
where is  correlated  with  functional  development,  so  those  areas 
which  are  earliest  to  be  called  upon  to  work  will  be  among  the 
first  to  overgrow.  Thus  the  area  which  presides  over  skilled 
movements  of  the  arm  develops  before  that  which  is  connected 
with  similar  movements  of  the  leg,  even  as  the  arm-bud  appears 
before  the  leg-bud  in  the  embryo. 

It  is  on  the  lateral  surface  of  the  hemisphere,  and  especially 
near  to  its  middle  r^on,  that  such  overgrowths  of  the  surface 
first  appear ;  and  during  foetal  life  it  is  the  central,  parietal,  and 
temporal  lobes  which  grow  quickest,  the  frontal  and  occipital 
being  slower  in  development.  We  may  expect,  therefore,  that 
the  infantile  head  will  be  in  the  majority  of  cases  brachyce- 
phalic,  and  so  it  is.  Of  twelve  British  foetuses  taken  at  random, 
the  average  index  was  80*9,  and  the  range  from  76  to  88.     Com- 
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pare  with  this  the  average  adult  English  index,  which  is  74,  and 
ranges  from  68  to  82. 

This  is-  not  limited  to  British  infants :  two  Egyptian  infant 
heads  had  indexes  of  87  and  80,  the  average  adult  index  being 
75.  A  Hindu  infant's  index  was  82,  the  adult  average  being  75, 
the  highest  index  of  an  undistorted  Hindu  skull  known  to  me 
being  79.  As,  up  to  the  period  of  birth  in  the  average  infant,  the 
skull  wall  is  made  up  of  elements  which  easily  move  on  each 
other,  it  is  fair  to  infer  that  the  brain-growth  is  the  determining 
factor  in  the  early  moulding  of  the  foetal  skull;  and  it  is 
characteristic  that  the  part  of  the  infant's  head  which  bulges 
most  at  each  side  is  that  corresponding  to  the  rapidly  growing 
lower  post-central  region,  where  are  the  areas  presiding  over  the 
action  of  the  cheeks  and  mouth,  as  in  sucking,  and  over  the  action 
of  the  palatine  muscles. 

Comparing  the  foetal  cerebrum  with  that  of  the  adult,  the 
most  conspicuous  points  of  contrast  are:  (1)  the  central  or 
supra-Sylvian  height  is  proportionally  smaller,  and  the  temporal 
or  infra-Sylvian  height  proportionally  larger  than  in  the  adult 
The  Sylvian  fissure  is  shorter,  and  forms  a  larger  angle  with  the 
long  axis  of  the  hemisphere.  The  central  fissure  is  shorter,  a 
little  farther  forward  above,  distinctly  farther  forward  below, 
but  making  a  larger  angle  with  the  median  longitudinal  line. 
The  pre-central  region  is  smaller,  especially  along  the  line  of 
the  horizontal  circumference  of  the  cerebrum,  and  the  occipital 
lobes  are  smaller. 

Turning  now  to  the  infant's  skull,  we  note  the  preponderance 
of  the  parietal  region,  which  averages  54  per  cent,  of  the  fronto- 
parietal arc,  the  range  out  of  12  taken  at  random  being  from  56 
per  cent,  to  52.  In  the  adult,  the  average  parietal  element  of 
the  parieto-frontal  arc  is  50  per  cent,  of  the  arc,  the  range  of 
twelve  being  52  per  cent,  to  45  per  cent.  One  result  of 
this  is,  that  in  the  foetal  skull  the  parieto-occipital  fissure  lies 
farther  in  front  of  the  lambda  than  in  the  adult. 

As  in  the  average  British  skull  the  growth  from  infancy  to 
maturity  is  attended  with  a  change  in  skull -shape,  the 
brachycephalic  infant  becoming  the  dolicho-  or  mesaticephalic 
adult,  some  light  on  the  causation  of  tliis  change  may  be 
obtained  by  tracing  the  progress  of  growth.    We  have  seen 
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that  infantile  brachycephaly  is  correlated  with  shortness  of  the 
frontal  and  occipital  lobes,  while  the  parietal,  temporal,  and 
central  are  fairly  large.  By  the  end  of  the  first  dentition  the 
frontal  length  has  increased,  as  has  the  parietal  height ;  and  the 
Sylvian  angle  has  slightly  increased,  owing  to  the  downgrowth  of 
the  central  opercnlum  and  the  base  of  the  third  frontal  con- 
volution. The  post-central  gyrus  increases,  especially  at  its 
lower  end,  and  projects  beyond,  slightly  overlapping  the  pre- 
I  central. 

By  this  time  skull-growth  has  entered  upon  a  new  phase. 
Ossification  has  spread  with  great  rapidity,  and  before  the  end 
of  the  first  year  the  bones  have  assumed  a  definite  relationship 
to  each  other  and  suturation  has  begun  to  form.  From  this 
onward,  brain-growth  ceases  to  be  free  and  untrammelled  by  its 
envelope,  and  a  contest  begins  'twixt  brain  and  bone.  The  sulci, 
which  hitherto  have  been  open  ditches,  now  become  narrowed 
and  linear,  and  the  more  rapidly  growing  gyri  tend  to  overlap 
their  neighbours.  As  a  consequence  of  this,  operculatiou,  which 
first  appears  as  the  result  of  sheer  ovei^owth  around  the  insula, 
now  begins  to  be  seen  in  other  portions  of  the  brain :  the  over- 
growing lower  post-central  region,  by  its  overlap,  causes  the  lower 
part  of  the  central  fissure  to  be  undercut ;  a  similar  overgrowth 
on  the  medial  aspect  of  the  parietal  lobe  causes  it  to  overlap  the 
occipital  along  the  line  of  the  parieto-occipital  fissure,  sub- 
merging the  gyrus  cunei.  In  monkeys,  where  the  occipital 
growth  preponderates,  its  overlap  produces  the  affenspcdte,  but  in 
the  human  brain  parietal  overgrowth  prevents  this,  and  the 
opercular  affenspoMe  never  forms.  The  confusion  as  to  the 
presence  or  absence  of  this  fissure  in  man  is  due  to  the  two 
views  held  as  to  what  is  the  real  affenspalte, — whether  the  chink 
formed  by  the  occipital  operculum,  or  the  deeply  submerged  trans- 
verse occipital  sulcus  at  its  fundus. 

The  growth  of  the  grey  surface  of  the  brain  from  infancy 
to  adolescence  is  unequal.  The  first  part  to  increase  is  the 
infra-central  region  and  the  base  of  the  third  frontal  convolution  ; 
then  the  superior  temporal  and  the  part  of  the  angular  gyrus 
behind  it,  and  the  occipital  lobe ;  then,  later,  the  superior  parietal 
and  the  upper  and  middle  frontal  gyri. 
The  white  suljstance  grows  commensurately  by  the  increase  of 
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both  asBociatacm  aud  projection  fibres,  and  the  brain  mass  becomes 
thereby  wider  and  higher.  It  is,  however,  only  an  nnprored 
assumption  that  the  proportion  of  grey  and  white  matter  is 
necessarily  uniform  in  all  parts  of  the  cerebral  mass :  sectional 
measurements,  specific  gravity,  and  the  varying  shrinkage  in 
drying,  all  combine  to  render  it  probable  that  the  proportion  of 
grey  to  white  matter  is  higher  in  the  frontal  lobes  than  ehe- 
where. 

The  shape  finally  assumed  by  the  adult  cerebral  hemispheres 
is  the  result  of  the  interaction  of  these  concurring  forces,  growth 
both  of  the  surface  and  mass  of  the  brain,  modified  in  the  later 
stage  by  the  constraint  of  the  bony  case  which  causes  not  the 
convolutioning,  but  the  obliquity  of  dip  of  the  sulci,  and  opercular 
formations. 

In  the  growing  English  child,  the  change  from  brachyoephaUsm 
to  mesaticephalism  takes  place  shortly  after  the  completion  of 
the  first  dentition.  In  brachycephalous  races,  such  as  the  N. 
Germaus,  the  measurements  of  the  heads  of  school- children  show 
a  slight  change  about  the  same  time,  but  often  an  increase  in 
broad-headedness. 

In  comparing  the  cavity  of  the  brain  case  of  a  brachy-  with 
that  of  a  dolichocephalic  skull,  certain  differences  are  manifest 
to  the  eye,  and  numerically  estimable  by  measurements  of  radial 
lengths.  In  order  graphically  to  represent  this,  I  have  taken  two 
skulls  of  the  same  circumference :  one  a  S.  German,  with  a  breadth 
index  of  88 ;  the  other  an  ancient  British,  whose  index  is  72.  Of 
these,  I  have  made  sections  along  precisely  comparable  lines,  and 
drawn  these  in  outline  superposed.  The  skulls  of  Australians 
whose  brains  I  have  examined  would  have  shown  even  a  stronger 
contrast,  but  they  were  all  too  low  in  circumferential  length. 
^  In  the  first  section,  which  is  parallel  to  the  coronal  suture, 
and  1  cm.  in  front  of  it,  the  vertical  height  of  the  long  skull  is 
less  than  that  of  the  broad,  and  the  radial  line  drawn  through 
the  middle  frontal  convolution  is  on  one  side  13  mm.,  on  the 
other  15  mm.,  shorter  than  that  of  the  broader  head.  The 
sectional  areas  of  the  included  cavity  in  these  skulls  are  to  each 
other  as  25  :  21. 

It  is  therefore  clear  that  in  these  two  skulls  the  frontal  lobe 
of  the  brain  of  the  dolichocephalic  skull  was  smaller  in  sectional, 
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probably  also  in  superficial,  area  than  the  corresponding  part  of 
the  brachycephalic  skull,  the  enlargement  of  the  latter  being 
above  the  level  at  which  the  horizontal  circumference  was  taken. 

Similar  sections  along  the  line  of  the  central  fissure  show  a 
vertical  height  less  by  3  mm.  in  the  longer  skull,  a  radial  length 
taken  to  the  temporal  crest  of  15  and  10  mm.  respectively  in  the 
two  skulls,  the  relation  of  the  sectional  areas  being  as  52 :  44. 
Sections  along  the  line  of  the  lambdoid  suture  show  comparatively 
little  difference  in  area. 

To  show  that  these  are  not  individual  differences,  I  have  taken 
a  large  series  of  radial  and  other  measurements  in  crania  of  two 
groups, — the  one  of  such  as  had  a  breadth  index  of  83  to  85,  the 
other  of  such  as  were  from  72  to  69  in  index.  The  following 
table  shows  the  results : — 


1.  Auiicnlo-metopie  radius, 

2.  Auriculo-supracentral, 

3.  AuriculO'OCcipitaly 

4.  Bistephanic  width, 

5.  Biparietal      do. 

6.  Biasterial       do. 


These  numbers  speak  for  themselves. 

When,  in  the  course  of  cerebral  growth,  the  frontal  lobes  in- 
crease in  superficial  area,  then  the  sectional  area  of  the  base  of  the 
lobe,  which  is  applied  to  the  front  of  the  central  lobe,  is  of  com- 
mensurately  large  size;  to  this  the  motor  areas  forming  the 
central  lobe  are  appended,  and  subjacent  to  their  cortex  run  all 
the  association  and  projection  fibres  of  the  frontal  lobes.  Even  if 
this  motor  r(^on  were  not  in  it«elf  more  bulky  than  in  a  dolicho- 
cephalic skull,  it  isof  necessity  wider  as  being  appended  to  the  back 
of  a  wider  frontal  region,  and,  in  turn,  its  wider  hinder  sectional 
area  bears  the  parietal  and  temporal  lobes^  whose  mass  spread 
over  the  larger  section,  becomes  necessarily  flatter  and  wider. 

All  brachycephali  are  not  of  the  same  nature,  but  at  least 
two  types  may  be  distinguished — (1)  primary,  due  to  the  reten- 
tion of  foetal  proportions  of  the  components  of  the  brain,  and 
hence  it  is  a  short-headedness  accompanied  by  microcephaly ;  (2) 
the  secondary  brachycephaly  is  due  to  increased  frontal  growth, 
and  usually  associated  with  megalocephaly.  The  short-headedness 
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of  the  BuBhman  and  the  Andamauese  is  of  the  former  type,  that 
of  the  German  is  of  the  latter. 

There  is  an  intermediate  condition  in  which  brachycephaly  of 
the  second  type  is  associated  with  microsomatisui.  In  these  the 
smaller  body  is  associated  with  a  smaller  parietal  and  central 
region,  while  the  frontal  lobes  are  larger.  There  is  therefore 
often  a  marked  shortness  of  head,  but  cranial  capacity  is  not 
necessarily  very  great.  These  are  often  just  on  the  border  of 
megalocephalism :  of  this  nature  is  the  brachycephaly  of  many 
of  the  yellow  races. 

As  in  my  former  paper  I  dealt  at  length  with  the  tooth-factor 
in  determining  skull-shape,  I  have  not  noted  it  at  present, 
as  I  desire  to  direct  attention  to  the  brain-factor  only. 
The  three  other  influences,  however,  of  dentition,  of  muscular 
attachment,  and  of  balancing,  have  to  be  taken  into  account  in 
any  exhaustive  study  of  cranial  development. 


A  CASE  OF  IDIOPATHIC  DILATATION  OF  THE  SIG- 
MOID COLON  AND  EECTUM,  ACCOMPANIED  BY 
A  DIAPHRAGMATIC  HEENIA  OF  THE  STOMACH. 
By  E.  Barcl AY  -  Smith,  M.D.,  Senior  Demonstrator  of 
Anatomy  to  the  University  of  Cambridge. 

Cases  of  extreme  distension  of  the  large  intestine  are  of  sufficient 
rarity  to  be  recorded  when  found  in  the  post-mortem  room. 
Extreme  conditions  of  this  kind  must,  however,  be  seldom 
met  with  in  the  dissecting-room,  but  by  one  of  those  curious 
coincidences  which  seem  to  set  the  law  of  averages  at  defiance, 
the  interesting  case  described  by  Professor  Howden  at  the 
Dublin  Meeting  of  the  Anatomical  Society,  and  recorded  in  the 
last  number  of  this  Joum/il,  is  promptly  partnered  by  one 
which  came  under  my  observation  a  few  weeks  ago  in  the 
University  dissecting-room. 

The  subject  was  a  male  of  55  years  of  age,  and  about  5  feet 
in  height,  as  far  as  I  could  judge.  He  was  markedly  scoliotic ; 
the  hip  and  knee  joints  were  in  a  semi-flexed  condition  and  re- 
sisted further  extension,  although  nearly  complete  flexure  of 
these  joints  could  be  induced. 

On  opening  the  abdominal  cavity  in  the  usual  manner,  the  only 
object  brought  to  view  was  a  huge  loop  of  gut  of  very  large 
calibre.  This  loop,  from  its  general  appearance  (fig.  1),  closely 
simulated  the  large  intestine  as  a  whole,  presenting,  as  it  did,  two 
more  or  less  vertical  portions  occupying  either  side  of  the 
abdominal  cavity,  and  connected  by  a  transverse  piece  lodged  in 
the  vault  of  the  diaphragm.  The  whole  of  this  loop,  however, 
was  provided  with  an  extensive  mesentery,  which  permitted  of  its 
being  reflected  downwards.  On  this  being  done  the  ascending, 
transverse  and  descending  colons,  together  with  the  small  intes- 
tines, were  found  lying  behind  it,  and  it  became  obvious  that  the 
loop  thus  displaced  was  an  exaggeration  of  the  sigmoid  portion 
of  the  gut 

The  descending  colon  was  of  normal  appearance  and  calibre. 
It  descended  into  the  left  iliac  fossa  (iliac  colon  of  Jonnesco), 
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where  it  was  unprovided  with  a  mesentery.  In  the  iliac  fossa 
the  gnt  made  a  very  sudden  bend,  and  becoming  provided  with  a 
mesentery,  ascended  vertically  in  front  of  the  descending  colon. 
In  front  of  the  spleen  the  gut  changed  ita  direction,  and,  passing 


^■ 


-7/ 


Fig.  1. — Repres«DtB  tlie  ippcaniDM  presented  on  opening  the  abdomin&l  cavitj. 
Tlie  trauaverae  part  of  tbe  loop  has  descended  suniewbat  from  itsnatnnl  nosi- 
tjon.  d.c,  lower  end  of  descending  colon,  m.s,  meso -sigmoid.  B,  bladder. 
l.i,  snsteotacular  fold  of  jieritonenm  supporting  colico-sigmoid  fieinra. 
c./,  circular  fold  of  peritoneam  surrouDding  commeuceiDeDt  of  reetuiD. 

acroes  from  one  side  of  the  abdominal  cavity  to  the  other,  de- 
scribed a  loop,  the  convexity  of  which  looked  upwards  and  was 
lodged  in  the  vault  of  the  diaphragm,  coming  into  close  relation 
with  the  heart,  the  position  of  which  was  indicated  by  a  very 
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promineut  balging  of  the  diaphr^matic  wsll  (Sg.  2).  Thifl  part 
of  the  aigmoid,  however,  did  not  come  into  direct  cootact  with 
the  diaphragm  iu  the  r^ou  of  the  heart,  as  it  was  aeparated 
therefrom  hj  the  great  omentum,  which  was  displaced  upwards, 
and,  being  somewhat  folded,  constituted  a  soft  pad  intervening 
between  the  two.    After  reaching  the  right  side  of  the  abdominal 


Fio.  2. — The  npp«r  p«rt  of  the  ahdotninftl  cavltjr,  viewed  from  below  und  in  front 
after  removal  of  sifcmoiJ,  &c.  R.l,  right  lobe  of  liver.  L.l,  left  lobe  of 
liver.  B.  (BlbUadder,  S.o,  soiall  omentum.  D,  dnociennni  (mt).  f.p. 
aDtmm  pylori  io  left  margin  of  openin^c  into  th«  heraiil  aac  lodged  in 
thoracic  cavity,  c,  bulging  of  diaphragmatic  wall  cauud  by  heart.  F.l, 
falciform  ligsment 

cavity  t^e  got  made  a  second  bend  in  front  (^  the  liver  {vide 
infra.),  descended  in  front  of  the  ascending  colon,  and,  finally 
inclining  obliquely  inwards,  terminated  at  the  brim  of  the  true 
pelvis,  where  the  colon  ceased  and  became  continuous  with  the 
rectum. 

The  loop  of  gut,  which,  between  the  descending  colon  on  the 
one  side  and  the  rectum  on  the  other,  was  provided  with  a  con- 
tinuous mesentery,  is  regarded  in  this  case  as  the  sigmoid,  and 
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will  be  thufl  designated  hereafter.^  The  length  of  the  sigmoid 
was  ascertained  by  means  of  callipers,  measuring  from  point  to 
point  along  one  of  the  longitudinal  muscle  bands  (taenia),  which 
were  conspicuously  well  marked.  Without  subjecting  the  gut 
to  the  slightest  tension,  the  result  obtained  in  this  manner  was  a 
length  of  1"13  metres  (3  feet  8J  ins.).  The  dilatation  of  the  gut 
commenced  rather  suddenly  at  the  commencement  of  the  sigmoid. 
From  this  point  the  gut  increased  uniformly  in  size,  reaching  its 
maximum  at  the  point  of  junction  with  the  rectum.  The  whole 
of  the  sigmoid  was  filled  with  semi-fluid  contents  of  a  gruel-like 
consistency.  The  capacity  of  the  sigmoid  was  over  3000  c.c. 
The  meso-sigmoid  had  an  extreme  length  of  18  cm.,  with  a  neck 
2*3  cm.  broad :  its  attachment  to  the  abdominal  wall  closely  re- 
sembled the  normal 

The  rectum  also  partook  of  the  dilatation,  forming  a  huge 
cylinder  which  filled  the  pelvic  cavity  to  such  an  extent  that 
pelvic  peritoneum  was  completely  deficient.  At  the  pelvic  brim 
the  peritoneum  lining  the  iliac  fossa  on  either  side  was  reflected 
directly  on  the  wall  of  the  gut,  and  in  this  situation  presented  a 
peculiar  circular  fold  surrounding  the  line  of  junction  of  si^oid 
and  rectum.  This  circular  fold  was  continuous  on  the  left 
with  the  anterior  layer  of  the  meso-sigmoid;  on  the  right  it 
skirted  first  the  right  and  then  the  hinder  wall  of  the  gut,  and 
became  lost  in  the  posterior  layer  of  the  meso-sigmoid.  The 
beginning  of  the  rectum  was  consequently  completely  sur- 
rounded by  this  circular  fold  at  the  pelvic  brim.  The  fold  was 
deepest  in  front,  where  the  peritoneal  pocket  between  it  and 
the  wall  of  the  gut  was  37  cm.  in  depth. 

There  was  another  remarkable  disposition  of  the  peritoneum  in 
connection  with  the  sigmoid,  in  the  form  of  a  fold  continuous  with 
the  parietal  peritoneum  on  the  left  side  of  the  descending  colon, 
arched  below  the  angle  of  junction  of  the  descending  colon  and  the 
sigmoid,  and  finally  lost  rightwards  in  the  anterior  layer  of  the 
meso-sigmoid,  thus  constituting  a  kind  of  ligamentum  sustentac- 
ulum for  the  sharply  flexed  colico^sigmoid  angle. 

The  fact  that  the  rectum  practically  filled  the  pelvic  cavity 
may  give  an  exaggerated  idea  of  its  actual  size,  as  the  pelvis  was 

^  This  proviso  is  a  necessity,  as  anatomists  are  in  a  transition  stage  with  regard 
to  the  nomenclature  and  the  demarcation  into  segments  of  this  part  of  the  gat. 
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much  contracted,  the  sagittal  diameter  at  the  brim  being  8*5  cm., 
the  coronal  diameter  10  cm. 

A  cast  was  made  of  the  interior  of  the  rectum.  This  cast 
shows  that  the  rectum  was  funnel-shaped,  the  apex  of  the  funnel 
being  at  the  anus.  Further,  the  cast  presented  a  perfectly  smooth 
surface,  indicating  that  the  valve-like  folds  so  characteristic  of 
the  rectal  wall  were  conspicuous  by  their  absence. 

Apart  from  the  great  dilatation  of  the  gut  exhibited  by  this 
i       case,  the  chief  points  of  interest  in  connection  with  it  may  be 
summed  up  under  the  following  headings : — 

I.  The  general  form  and  disposition  of  the  sigmoid. 
11.  The  condition  of  its  walJa 
III.  The  eCTects  produced  on  the  other  abdominal  viscera. 

I.  The  General  Form  and  Disposition  op  the  Sigmoid. 

In  all  the  recorded  cases  of  dilatation  of  the  sigmoid  the  form 
and  position  of  the  distended  gut  bear  little  if  any  relationship  to 
the  normal.  This  case,  however,  may,  as  far  as  the  general 
appearance  is  concerned,  be  considered  as  simply  an  extreme 
exaggeration  of  the  normal  condition.  The  empty  and  collapsed 
pelvic  colon  (sigmoid)  depends  in  the  pelvic  cavity,  out  of  which 
it  rises  when  it  is  distended  with  contents,  or  when  it  is  pushed 
by  the  repleted  condition  of  the  other  pelvic  viscera. 

In  the  latter  case  the  higher  the  sigmoid  rises  in  the  abdominal 
cavity,  the  more  it  tends  to  assume  the  om^  type  of  loop 
(Treves).  A  glance  at  fig.  1  shows  how  well  the  omega  form  of 
sigmoid  is  exemplified  by  this  case.  If  the  surroundings  are 
neglected  it  might  very  well  serve  to  illustrate  the  usual  form 
exhibited  by  a  distended  sigmoid  of  normal  size.  In  this  case, 
however,  the  loop  is  enormous,  and  the  position  it  has  assumed 
is  a  permanent,  and  not  an  occasional  or  temporary  one. 

II.  The  Condition  of  the  Wall  of  the  Dilated  Gut. 

There  is  one  noticeable  feature  in  nearly  all  the  recorded  cases 
of  dilated  sigmoid  set  forth  in  the  following  table  (vide  infra), 
viz.,  the  wall  is  the  seat  of  some  pathological  change.      This 
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change  is  usually  one  of  hypertrophy,  the  circular  muscle 
fibres  being  mainly  affected,  while  the  loi^tudinal  muscle  bands 
tend  to  spread'  out,  and  thereby  one  of  the  most  characteristic 
features  of  the  large  gut  becomes  lost  Further,  the  mucous 
membrane  is  usually  afifected,  being  the  seat  of  more  or  less 
chronic  inflammation,  and  is  in  many  cases  ulcerated. 

In  the  case  under  consideration  no  abnormal  condition  of  the 
wall  of  the  sigmoid  -could  be  found.  There  was  no  appreciable 
hypertrophy  of  the  muscular  wall,  the  mucous  membrane  showed 
no  sign  of  ulceration ;  and  although  it  was  examined  too  long  after 
death  to  retain  any  appe£u:ance  of  congestion,  yet  it  cerlainly 
showed  no  thickening,  and  was  to  ail  intents  and  purposes  normal. 

Further — and  this  is  one  of  the  most  remarkable  features  of 
the  case — the  three  tasnise  coli  .were  all  well  marked, — better  so 
than  I  have  usually  seen  them  in  this  part  of  the  gut.  Owing 
to  the  presence  of  the  tsenise,  sacculation  was  very  obvious. 

III.  The  Effect  produced  on  the  other  Abdominal  Viscera- 

A.  Pelvic  Viscera. — ^The  rectum  practically  filling  the  pelvic 
cavity,  the  bladder  had  obviously  to  find  room  elsewhere.  This 
viscus  had,  as  it  were,  become  tilted  upwards  and  rightwards  out 
of  the  pelvic  cavity,  and  lay  for  the  most  part  in  the  right  iliac 
fossa  {vide  fig.  1),  the  neck  of  the  bladder  and  the  prostate  lying 
behind  the  symphysis  pubis. 

B.  Abdominal  Viscera, — 

(a)  The  small  intestines  and  the  three  parts  of  the  colon  were 
normal  in  calibre  and  position,  although  disposed  behind  the 
distended  sigmoid  loop  and  its  mesentery. 

(6)  The  Stomach. — On  depressing  the  sigmoid  loop  and  ex- 
amining the  viscera  behind,  one  of  the  most  noticeable  features 
was  that  no  stomach  came  into  view.  The  absence  of  the 
stomach  was  more  apparent  than  real,  as  it  was  found  to  have 
retreated  from  the  abdominal  cavity  into  the  thoracic,  through 
an  enlarged  cesophageal  opening  of  the  diaphragm.  On 
examining  the  stomach  in  the  thoracic  cavity,  it  was  foimd  to 
be  contained  in  a  true  hernial  sac,  the  walls  of  which  were 
undoubtedly  derived  from  the  diaphragm,  the  frayed-out  muscle 
fibres  of  which  could  be  distinctly  recognised.     The  summit  of 
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the  hernial  sac  reached  the  level  of  the  disc  between  the  fourth 
and  fifth  thoracic  vertebrae.  The  sac  was  lined  with  peritoneum, 
continuous  on  the  one  side  with  the  peritoneum  covering  the 
stomach,  on  the  other  with  the  peritoneum  lining  the  diaphragm. 
The  whole  of  the  stomach,  however,  was  not  contained  in  this 
hernial  sac,  the  antrum  pylori  being  situated  in  the  abdominal 
cavity.  There  was  a  ring  of  constriction  in  the  gastric  wall 
at  the  junction  of  the  thoracic  and  abdominal  segments  of  the 
stomach.  This  ring  of  constriction  occupied  the  aperture  in  the 
diaphragm  (neck  of  the  hernial  sac),  and  gave  an  appearance 
of  weU-marked  bilocularity  to  the  stomach  when  removed.  A 
gastro-hepatic  omentum  was  present,  and  this  had  to  a  certain 

« 

extent  to  pass  through  the  aperture  in  the  diaphragm  in  order 
to  gain  the  liver.  The  oesophagus,  which  joined  the  summit  of 
the  hernial  sac,  though  much  wider  than  usual,  was  a  straight 
tube,  without  any  indication  of  abnormal  "flexuosity. 

Diaphragmatic  hernise  of  the  stomach  are  rare,  and  are  xisually 
congenital  when  not  the  result  of  traumatism.  The  condition  is 
usually  accompanied  during  life  by  marked  symptoms,  vomiting 
being  a  conspicuous  feature.  In  this  case,  however,  as  we  shall 
learn  later,  the  condition  was  not  even  suspected.  The  symptoms 
were  remarkable  for  their  absence,  and  there  was  no  vomiting. 
The  condition,  if  not  congenital,  must  have  been  brought  about 
as  the  result  of  the  distension  of  the  sigmoid,  and  took  place  so 
slowly  that  the  stomach  had  time  to  adapt  itself  to  its  unusual 
siUTOundings. 

(c)  The  Liver, — Unfortunately,  in  most  of  the  cases  of  extreme 
distension  of  the  large  intestine  hitherto  recorded,  but  little 
notice  has  been  taken  of  the  condition  or  displacement  of 
the  other  viscera.  The  liver,  however,  is  the  viscus  which  of  all 
others  seems  to  most  feel  the  lack  of  accommodation  in  the 
abdominal  cavity,  and  to  undergo,  as  a  consequence,  the  pro- 
foundest  displacements.  Thus,  in  a  case  of  dilated  colon  recorded 
by  EoUeston  and  Haward  {Trans,  of  the  Clin,  Soc.,  vol.  xxiv, 
p.  204),  the  liver  was  displaced  backwards  and  downwards  to 
such  an  extent  that  the  under  surface  together  with  the  gall- 
bladder looked  upwards  and  forwards.  In  a  similar  case  re- 
corded by  Gee  {St  Barth,  Hosp.  Reports,  vol.  xx.  p.  19),  the  liver 
is  described  as  being  pufhed  much   backwards.     In   Howden's 

VOL.  XXXIL  (N.S.  vol.  XIL)  Z 
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case  {Journal  of  Anatomy  and  Physiology y  vol.  xxxii  p.  67),  the 
liver  was  displaced  downwards,  rightwards,  and  backwarda  In 
the  present  case  the  liver,  which  was  relatively  small,  was  literally 
plastered  against  the  posterior  abdominal  wall  to  the  right  of 
the  vertebral  column  (fig.  2).  It  was  so  displaced  that  when  it 
was  exposed  the  only  part  brought  into  view  was  the  inferior 
surface,  as  it  is  usually  so  described,  this  surface  looking  forwards 
and  leftwarda  The  convexity  of  the  liver  consequently  looked 
backwards  and  rightwards.  The  liver  had  undergone  such  a 
shifting  that  the  left  lobe  was  the  highest  part,  while  the  most 
dependent  part  was  the  right  lobe,  which  descended  2*5  cm.  below 
the  lower  border  of  the  last  rib,  rested  on  the  quadratus  lumborum 
muscle,  on  to  which  the  right  lateral  ligament  of  the  liver  was 
reflected,  and  ended  in  a  curious  tail-like  piece,  which  arched 
round  and  was  in  close  contact  with  the  outer  convexity  of  the 
right  kidney.  The  gall-bladder  was  disposed  almost  horizontally, 
the  fundus  pointing  rightwards,  and  being  opposite  the  ninth  rib 
in  the  mid-axillary  line.  At  this  point  the  edge  of  the  liver  was 
12-13  cm.  from  the  right  infra-costal  margin,  the  intervening 
diaphragmatic  surface  having  been  occupied  in  the  imdisturbed 
state  by  the  sigmoid.  The  extremity  of  the  left  lobe  lay  immedi- 
ately to  the  right  of  the  oesophageal  opening  in  the  diaphragm,  and 
was  connected  to  the  diaphragm  by  a  peritoneal  fold  (lateral 
ligament),  stretching  leftwards  across  the  anterior  margin  of  tins 
opening.  The  falciform  ligament  was  greatly  elongated,  and 
stretched  downwards,  rightwards,  and  backwards  in  order  to  reach 
the  liver. 

The  liver,  from  its  comparative  density,  its  large  size  and  ample 
means  of  fixity,  would  at  first  sight  appear  to  be  the  most  stable 
of  all  the  abdominal  viscera.  Cunningham  and  others,  however, 
have  taught  us  that  it  is  one  of  the  most  plastic,  being  readily 
impressed  by  the  comparatively  soft  viscera  which  come  into 
contact  with  it.  Further,  this  and  other  cases  seem  to  point  out 
that,  as  far  as  position  is  concerned,  the  liver  is  a  viscus  which 
readily  gives  way  and  suffers  displacement  in  order  to  afiford 
accommodation  for  even  soft-walled  intestine. 

(d)  The  Spleen  was  small,  and,  as  in  Howden's  case  (Zoc.  cit.\  was 
deeply  placed  in  the  left  hypochondriac  region. 

(e)  Kidneys  and  Ureters, — Both  kidneys  were  displaced  some- 
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what  downwards,  the  right  more  especially.  The  left  ureter  was 
greatly  dilated,  and  just  below  the  pelvis  (renal)  exhibited  well- 
marked  flexuosities.  This  condition  of  the  left  ureter  may  be 
accounted  for  by  its  having  to  cross  the  pelvic  cavity  in  order  to 
reach  the  bladder  {vide  mLpra),  and  in  doing  so  passed  between 
the  anterior  wall  of  the  dilated  rectum  and  the  symphysis  pubis. 
It  was  consequently  in  a  position  when  it  must  have  been  sub- 
ject to  a  considerable  amount  of  pressure  during  life. 

For  the  sake  of  comparison  1  append  a  table  of  some  re- 
corded cases  of  distension  of  the  large  gut,  involving  the  sigmoid 
to  a  greater  or  less  extent ; — cases  which  were  not  the  result  of 
obstruction,  and  in  which  for  the  most  part  constipation,  of 
longer  or  shorter  duration,  was  a  prominent  symptom. 

Reviewing  the  case  under  consideration,  it  is  apparent  that  the 
condition,  so  far  as  the  sigmoid  is  concerned,  must  have  been  one 
of  extremely  long  standing.  The  distension  of  the  gut,  retaining, 
as  it  did,  its  normal  features  and  its  normal  shape,  must  have  been 
an  exceedingly  slow  procesa  The  severe  dislocation  of  the  other 
viscera  must  also  have  taken  place  very  gradually.  Much  might 
be  learnt  from  the  history  of  the  case,  and  this  we  have  been 
fortunate  enough  to  trace  through  the  kindness  of  Dr  Ross. 
He  states  that  the  subject  had  been  under  his  personal  observa- 
tion for  no  less  than  fifteen  years.  He  suffered  from  parapl^ia 
during  this  period,  and  probably  for  at  least  forty  years,  during 
which  time  he  was  an  inmate  of  a  workhouse.  There  was  nothing 
durii^  life  to  draw  attention  to  any  abnormality :  nothing  was 
discovered  at  any  rate,  arid  all  the  fwactioTis  of  life  were  carried 
Old  normally.  He  enjoyed  remarkably  good  health  until  a  fort- 
night before  his  death,  which  was  due  to  an  attack  of  diarrhoea, 
followed  by  collapse. 

The  most  remarkable  fact  about  this  history  is  the  absence  of 
any  suggestion  of  constipation.  Chronic  constipation  must  there- 
fore be  eliminated  as  a  factor  in  the  production  of  the  intestinal 
distension,  although  it  is  difficult  to  conceive  that  a  sigmoid 
and  rectum  of  such  enormous  size  and  capacity  and  with  such 
relatively  thin  wall  could  have  brought  about  normal  evacuation 
of  their  contenta 

To  call  it  an  instance  of  true  idiopathic  dilatation,  although  it 
is  more  deserving  of  the  name  than  any  other  case  I  can  find 
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recorded,  is  but  b^ging  the  question  as  to   the  predisposing 
cause. 

That  the  condition  may  have  been  congenital,  or  at  any  rate 
that  the  tendency  to  undue  lengthening  and  dilatation  of  the 
gut  may  have  been  initiated  during  fcetal  life,  must  also  be  taken 
into  consideration.  Two  interesting  cases  recorded  by  Prof. 
Hirschsprung  of  Copenhagen  (Jahih.  d.  Kinder  jfiT.,  xxviL)  show 
that  this  may  occur.  The  subjects  were  infants  of  eleven  months 
and  eight  months  respectively,  the  enlargement  mainly  affected 
the  transverse  colon  and  the  sigmoid,  which  were  hypertrophied 
and  ulcerated,  while  constipation  was  a  marked  symptom  from 
birth.  Hirschsprung,  I  think  rightly,  considers  that  the  consti- 
pation in  these  cases  was  secondary  to  the  dilated  condition  of 
the  gut,  acquired  during  foetal  life,  and  to  be  explained  by  faulty 
development. 

The  long  history  of  paraplegia  may,  however,  have  an  important 
bearing  upon  the  present  case,  and  I  feel  inclined  to  fall  back  on 
Dr  Angel  Money's  suggestion  {Clin,  Soc.  Tratis,,  vol.  xxi.  p.  106), 
and  to  regard  it  as  due  to  an  obscure  nerve  lesion.  The  dis- 
turbance of  the  central  nerve  system  probably  resulted  in  a 
gradual  loss  of  tonicity  of  the  muscular  wall  of  the  gut  This 
loss  of  tonicity  was  accompanied  by  a  very  gradual  lengthening 
of  the  muscle  fibres,  with  a  consequent  increase  in  length  and 
calibre.  The  gut,  however,  seemed  to  have  reacted  to  the  altered 
condition  of  its  walls,  and  was  always  capable  of  normally 
evacuating  its  contents. 
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A  DECORATED  SCULPTURED  HUMAX  SKULL  FROM 
NEW  GUINEA.  By  Professor  Sir  William  Turner, 
F.R.S. 

In  April  1895  one  of  my  pupils,  Mr  F.  N.  Johnston,  M.B.,  pre- 
sented me  with  a  skull  which  had  been  given  to  him  by  a  friend 
living  in  Queensland,  Australia,  but  he  could  not  tell  me  the 
place  in  which  it  had  been  collected.  As  it  did  not  conform 
with  the  customary  characters  of  the  skulls  of  the  aborigines  of 
Australia,  and  as  it  showed  a  remarkable  decorative  sculpturing 
of  the  frontal  bone,  I  put  it  on  one  side  to  await  further  light  on 
the  specimen. 

In  the  month  of  October  1897  I  received,  through  the 
courtesy  of  the  authors,  a  copy  of  a  memoir  entitled  "  Obser- 
vations on  a  Collection  of  Papuan  Crania,"  by  Messrs  G.  A. 
Dorsey  and  W.  H.  Holmes,^  in  which  they  describe  a  series  of 
sixteen  decorated  skulls  from  the  hut  of  a  native  chief,  who 
used  them  for  the  adornment  of  his  house,  and  prized  them  as 
trophies  of  war.  Eight  of  the  skulls  were  apparently  men,  seven 
women,  and  one  a  child  from  8  to  9  years  old.  Although  the 
information  regarding  the  locality  from  which  these  crania  were 
obtained  ia  not  so  precise  as  could  be  desired,  it  seems  probable 
that  they  were  collected  by  a  sea-captain  in  the  vicinity  of  some 
of  the  ports  in  the  island  of  New  Guinea,  on  the  northern  shore 
of  the  Papuan  Gulf,  in  the  British  protectorate. 

As  my  specimen  bears  a  general  resemblance  in  its  form,  in 
the  character  of  the  sculpturing,  and  in  the  mode  of  connection 
of  the  lower  jaw  and  teeth  to  the  skulls  described  by  Messrs 
Dorsey  and  Holmes,  I  believe  it  to  be  from  the  same  or  an 

^  Field  Columbian  MiMeum,  publication  21,  Anthropological  series,  vol.  11^ 
No.  1,  Chicago,  August,  1897. 
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adjoining  locality.  The  proximity  of  the  coast  of  New  Guinea 
to  the  colony  of  Queensland  would  readily  allow  a  skull  from 
the  former  island  to  find  its  way  into  the  hands  of  a  Queensland 
colonist 

The  skull  in  my  possession  had  evidently  been  preserved  for 
some  time  in  the  house  of  a  native,  for  the  cranium  at  its  back, 
sides,  and  base  was  blackened  with  smoke,  but  the  bones  of  the 
face  had  been  smeared  with  a  red  pigment.  It  was  that  of  a 
man  apparently  in  the  prime  of  life.  The  sutures  were  unossified, 
and  the  teeth  were  moderately  worn. 

In  the  norma  verticalis  the  roof  was  ridged  in  the  sagittal  line, 
and  sloped  steeply  outwards  to  the  parietal  eminences,  which,  as 
well  as  the  frontal  eminences,  were  not  protuberant.  The  side 
walls  of  the  cranium  were  almost  vertical  in  each  region,  and  the 
zygomata  were  not  visible  when  the  eye  was  fixed  on  the  bregma. 
The  general  form  was  an  elongated  oval,  and  the  breadth  was 
small  in  relation  to  the  length,  so  that  the  skull  was  hyperdo- 
lichocephalic,  its  length-breadth  index  being  only  68. 

In  the  norma  lateralis  the  glabella  and  supra-orbital  ridges  were 
feebly  marked,  the  fronto-nasal  depression  was  shallow,  and  the 
osseous  bridge  of  the  nose  was  moderately  projecting. 

The  upper  jaw  projected  well  forwards  in  the  incisive  r^on. 
The  nasal  spine  of  the  superior  maxillae  was  moderate,  and  the 
floor  of  the  nose  was  not  separated  from  the  incisive  region  by 
an  intermediate  ridge.  The  diameter  from  the  basion  to  the 
junction  of  the  nasal  spine  with  the  floor  of  the  nose  was  95  mm., 
whilst  the  distance  from  the  basion  to  the  alveolar  point  was 
101  mm.,  measurements  which  indicate  the  degree  of  alveolar 
prognathism. 

The  forehead  was  not  very  receding,  and  its  curve  was  con- 
tinued backwards  into  the  arch  of  the  vault.  From  the  obelion 
to  the  occipital  squama  the  vault  sloped  gently  downwards  and 
backwards.  The  temporal  curved  lines  and  the  nuchal  region 
of  the  occiput  were  distinct,  but  the  mastoids  were  not  massive. 
The  parietal  longitudinal  arc  was  the  longest,  and  the  occipital 
the  smallest  The  basi-bregmatic  diameter  was  distinctly  higher 
than  the  greatest  breadth,  and  the  length-height  index  was  71 '9. 
There  was  a  large  epipteric  bone  in  the  left  pterion,  and  a  small 
triquetral  bone  in  the  left  lambdoidal  suture. 
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The  noee  was  moderately  platyrhine.  The  orbits  were 
markedly  microaeme,  althou^  the  hones  forming  their  boundary 
on  Ibe  face  were  not  tumid.  The  palate  was  almost  as  long  as 
broad,  and  disliDCtly  dolicfauraoic.  In  the  proportion  of  inter- 
zygomatic  breadth  to  nasio-mental  length  tlie  face  was  low,  and 
came  into  the  chamseprosopio  group  of  Kollmami. 

In  the  feebly  projecting  glabella  and  supra-orbital  ridges,  in 


Fio.  1. — Both  fignres  «re  reprodocttons  of  photogrspIiB  by 
Mr  W.  E.  Carnegie  Dickaon. 

the  forehead  not  being  very  receding,  in  the  Bhallownesfl  of  the 
depression  at  the  root  of  the  nose,  in  the  moderate  projection 
and  only  sl^ht  flattening  of  the  nasal  bridge,  and  in  the  want  of 
tvmiidity  in  the  base  of  the  orbit,  and  the  comparative  lightness  of 
the  skull,  the  specimen  was  obviously  not  that  ot  an  aboriginal 
Australian.  On  the  other  hand,  the  elongated,  narrow  cranium, 
with  the  low  length-breadth  index,  the  basi-bregmatic  diameter 
being  gre.iter  than  the  parieto-s<iuamous,  the  microseme  orbits, 
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the  projecting  upper  jaw,  and  the  somewhst  platyrhine  nose, 
showed  its  affinities  to  the  Meknesian  or  Papuan  race,  to  which 
I  have  no  doubt  it  belonged. 

The  meet  interesting  features  in  the  specimen  were  the  decora- 
tive sculpturing  on  tiie  frontal  bone,  and  the  arrangements  for 


securing  the  lower  jaw  to  the  skull,  and  for  retaining  the  teeth 
in  their  place.  The  frontal  sculpturing  was  included  in  an  area 
71  mm,  wide  and  61  mm.  in  vertical  diameter,  immediately  above 
the  glabella  and  supra-orbital  ridges.  It  had  been  produced 
■partly  by  scmping  and  partly-  hy  incising  the  outer  table  of  the 


DECORATED  SCULPTURED  HUMAN  SKULL  FROM  NEW  GUINEA    357 

frontal  bone  with  a  more  or  less  sharp  instrument.  It  x^onsisted 
of  a  central  figure  enclosed  in  a  sort  of  frame,  from  the  latter  of 
which  a  number  of  short  lines  were  cut,  directed  inwards  towards 
the  figure.  When  the  latter  was  looked  at  in  the  natural  posi* 
tion  of  the  skull,  it  was  somewhat  difficult  to  determine  its  signi- 
ficance. When  the  skull  was  reversed,  the  figure  was  then  seen 
to  be  a  rude  representation  of  a  face,  apparently  human,  which 
had  been  engraved  upside  down.  Two  eyes  and  a  pair  of  eye- 
brows were  immediately  above  the  glabella,  a  long  straight  nose, 
upper  and  lower  lips,  an  open  mouth,  a  series  of  short  incised 
lines  to  represent  teeth,  and  a  tongue,  could  all  be  recognised. 
On  each  side  of  this  rudiment  of  a  face  an  elongated,  curved, 
limb- like  object  had  been  cut  in  the  bone,  the  exact  signification 
of  which  it  was  difficult  to  determine,  though  it  undoubtedly 
outlined  the  face  with  more  distinctness. 

The  lower  jaw  was  securely  fastened  to  the  skull.  Through 
each  ascending  ramus  a  hole  had  been  bored,  and  a  piece  of  split 
cane  had  been  passed  through  it  and  secured  around  the  zygoma. 
Pieces  of  split  cane  had  also  been  passed  through  the  nose  im- 
mediately above  the  floor,  and  carried  out  of  the  posterior  and 
anterior  nares  around  the  back  of  the  palate  and  symphysis 
menti,  in  front  of  the  latter  of  which  they  had  been  secured  by 
a  series  of  knot&  The  necks  of  the  teeth  in  each  jaw  were 
enclosed  in  loops  of  string  formed  of  some  vegetable  fibre,  which 
secured  them  together  and  retained  them  in  their  sockets.  The 
mode  of  fastening  the  lower  jaw  and  of  securing  the  teeth  was 
on  the  same  plan  as  that  described  and  figured  by  Messrs  Dorsey 
and  Holmes  in  their  series  of  crania.  In  a  skull  from  Warrior 
Island,  Torres  Strait,  which  I  described  and  figured  some  years 
ago,^  the  lower  jaw  is  secured  to  the  skull  by  a  naso-mental  cord 
of  vegetable  fibre,  and  a  similar  cord  connects  on  each  side  the 
neck  of  the  jaw  to  the  zygoma :  the  ramus  is  not  perforated,  and 
there  is  no  string  around  the  necks  of  the  teeth.  This  skull  is 
hyperbrachycephalic.  It  is  exceptional  to  find  in  the  skulls 
collected  in  New  Guinea  the  lower  jaw  attached  to  the  cranium. 
This  is  explained  by  the  Bev.  Dr  Macfarlane,  who  was  long 
resident  as  a  missionary  in  the  island,  as  due  to  the  fact  that  in 
their  head-hunting  expeditions  the  lower  jaw  is  the  trophy 

^  Journal  of  Anatomy  and  Physiology,  yoL  xiv.,  July  1880*- 
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claimed  by  the  man  who  first  wounds  the  victim,  whilst  he 
who  kills  and  beheads  the  slain  acquires  the  skulL  There  are 
two  separated  lower  jaws  from  New  Guinea  in  the  University 
Museum,  in  which  a  cord  had  been  tied  across  from  the  neck  on 
one  side  to  that  of  the  other,  so  that  the  jaw  could  be  worn  as  a 
bracelet. 

Although  the  series  of  sixteen  decorated  crania  described  by 
Messrs  Dorsey  and  Holmes  were  all  sculptured  in  the  frontal 
region,  in  none  was  the  design  the  same  as  in  my  specimen,  and, 
indeed,  in  no  two  of  their  series  were  the  patterns  alike.  It  would 
seem,  therefore,  that  each  artist  trusted  to  his  own  ingenuity  in 
making  a  design,  and  did  not  copy  either  himself  or  his  neigh- 
bours. Mr  Holmes,  in  his  chapter  on  the  drawings,  states  that 
nearly  all  embody  easily  distinguished  animal  forms :  and  though 
the  more  formal  examples  approach  the  purely  geometric,  they 
"  are  also  doubtless  animal  derivatives,  or  representations  of  land, 
water,  or  other  natural  phenomena."  In  none  of  his  specimens 
had  any  attempt  been  made  to  delineate  the  human  face,  and  in 
this  respect  the  skull  now  described  is  peculiar  and  interesting. 

Professor  Haddon,  in  his  elaborate  memoir  on  the  decorative 
art  of  British  New  Guinea,^  gives  careful  descriptions  and  figures 
of  numerous  designs  which  he  has  studied.  He  refers  to  the 
realistic  or  suggestive  character  of  the  decorative  art  of  the 
natives,  and  the  frequent  copying  of  natural  objects.  He  has 
found  representations  of  the  human  form  on  articles  brought 
from  the  islands  in  Torres  Straits,  and  from  the  Fly  Eiver 
district.  The  region  in  which  the  human  face,  or  designs 
derived  from  it,  seems  to  be  most  frequently  employed  for  deco- 
rative purposes  is,  however,  that  of  the  Gulf  of  Papua,  so  that  it 
is  not  unlikely  that  the  skull  which  I  have  now  described  came 
from  some  part  of  that  seaboard ;  and  I  may  especially  refer  to 
a  face  depicted*  on  a  belt  in  the  Berlin  Museum  (VI.  6745), 
as  closely  approaching  in  design  that  sculptured  on  the  forehead 
of  my  specimen. 

As  a  further  contribution  to  the  craniology  of  New  Guinea,  I 
have  given  in  the  table  on  page  359  measurements  of  a  skull 
which  was  presented  to  me  in  1890  by  one  of  my  Australian 

^  Cunning?iam  Meinoirs  of  the  Boyai  Irish  Academy ,  Dublin,  1894. 
^  See  Haddon,  op.  eit,  p.  115. 
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pupils,  Mr  L.  J.  Lamrock.     It  was  obtained  from  a  hut  at 
Port  Moresby,  in  which  it  had  been  hanging  for  a  number  of 
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years,  and  was  said  to  be  that  of  an  old  woman,  who  had  been  a 
witch  in  her  tribe. 

This  skull  was  without  the  lower  jaw,  and  was  black  with 
smoke.  It  was  without  doubt  that  of  a  woman.  The  teeth  had 
all  been  lost,  but  the  sockets  were  unabsorbed,  though  those  of 
the  right  hinder  bicuspid  and  the  true  molars  were  broken  away. 
The  sutures  were  unossified,  and  were  remarkably  simple.  The 
cranium  was  an  elongated  oval,  narrow  in  relation  to  its  length, 
and  hyperdolichocephalic,  with  an  index  69*5.  Its  height  fol- 
lowed the  rule  in  Melanesian  crania  in  being  greater  than  the 
breadth,  the  vertical  index  being  75 '9.  The  fronfol  and  parietal 
eminences  had  the  prominent  female  sexual  characters,  and  the 
vertex  was  more  flattened  than  in  the  decorated  male  Papuan 
previously  described.  The  forehead  was  almost  vertical;  the 
glabella  and  supra-orbital  ridges  were  distinct ;  the  fronto-nasal 
depression  was  shallow;  the  nasal  bridge  was  somewhat  flat- 
tened; the  nasal  index  was  leptorhine,  a  character  which  was 
due  to  the  unusual  nasal  height  for  a  Melanesian  skulL  In 
consequence  of  the  marked  vertical  diameter  of  the  superior 
maxilla,  a  high  upper  facial  index  (leptoprosopic)  was  obtained. 
The  orbits  were  m^aseme;  the  gnathic  index  was  strongly 
prognathous ;  the  nasal  spine  of  the  superior  maxillse  was  mode- 
rately prominent,  and  the  floor  of  the  nose  passed  into  the 
incisive  region  smoothly  and  without  a  ridge  of  separation. 
The  diameter,  from  the  basion  to  the  base  of  the  nasal  spine  was 
98  mm.,  whilst  the  basi-alveolar  diameter  was  110  mm.,  which 
produced  distinct  alveolar  prognathism.  The  palato-maxillary 
diameter  was  long,  and  it  is  remarkable  that  the  length  some- 
what exceeded  the  breadth.  The  glabella  and  supra-orbital 
ridges  were  marked  by  a.  few  incised  lines,. lom^ing  vertically 
but  quite  irregularly  and  without  a  pattern.  A  third  condyl 
was  present  on  the  basi-occipitaL 

I  have  repeated  in  the  table  measurements  of  a  dolicho- 
cephalic cranium  from  Jarvis  Island,  Torres  Strait,  which  I  gave 
in  my  Memoir  on  the  skulls  of  the  "  GhallengiBr  "  collection,^  and 
by  way  of  contrast,  those  of  the  hyperbrachycephalic  skull  from 
Warrior  Island,  Torres  Siirait,  already  referred  to.  In  that  memoir 
I  analysed  the  measurements  of  the  numerous  crania  from  New 

*  Challenger  Reports,  part  xxix.,  1884. 
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Guinea  which  had  up  to  that  time  been  recorded  by  a  number  of 
obeervera  Two  distinct  types  of  skull  have  been  met  with, — a 
brachyoephalio,  in  which  the  breadth  of  the  cranium,  as  a  rule, 
exceeds  the  height ;  and  a  dolichocephalic,  in  which  the  height 
usually  exceeds  the  breadth.  The  skulls,  the  description  of  which 
is  given  in  this  commimication,  are  hyperdolichocephalic,  and  the 
vertical  index  is  higher  than  the  index  of  length  and  breadth  in 
both  ol  these  crania. 


♦  .^^-) 


AN  ACCOUNT  OF  A  BLASTODERMIC  VESICLE  OF 
THE  SHEEP  OF  THE  SEVENTH  DAY,  WITH  TWIN 
GERMINAL  AREAS.  By  Richabd  Asshbton,  M.A. 
(Plate  VL) 

In  view  of  the  great  interest  which  is  takeu  in  the  question  of 
the  origin  of  homologous  twins,  and  the  many  forms  of  abnor- 
mality which  are  supposed  to  result  from  the  more  or  less 
complete  fission  of  the  embryo  at  an  early  stage,  I  fancy  that  an 
account  of  a  specimen  of  a  very  young  mammalian  blastocyst 
with  two  germinal  areas  may  be  worthy  of  notice. 

Hitherto  cases  of  early  double  embryos  have  been  apparently 
very  seldom  met  with  among  mammals.  So  fur,  I  have  been 
unable  to  find  any  instance  recorded  of  a  double  germinal  area 
on  the  blastodermic  vesicle. 

In  every  work  which  treats  of  the  origin  of  twins  and  double 
monsters  that  I  have  consulted,  I  fail  to  find  instances  of 
mammalian  double  embryos,  and  I  find  that  all  theories  ad- 
vanced are  based  almost  entirely  upon  avian,  amphibian,  or 
piscine  examples.  By  far  the  greater  number  of  instances  given 
are  avian« 

From  the  time  of  Wolff  until  the  present  day,  many  instances 
of  naturally-produced  double  embryos  of  the  chick  have  been 
recorded,  and  many  of  them  carefully  described. 

In  a  list  which  I  give  at  the  end  of  my  paper,  which  is 
chiefly  compiled  from  Bareste's  work  (8),  it  appears  that  the 
recorded  cases  in  birds'  eggs  of  either  two  perfect  embryos  on  one 
yolk,  or  of  double  monsters  in  various  states  of  union,  amount  to 
less  than  ninety  specimens,  which  is  really  not  a  large  number 
considering  the  enormous  number  of  eggs  which  are  opened  in 
the  laboratories  at  early  stages.  Of  this  number,  no  less  than 
55  are  recorded  by  Dareste,  though  in  his  case — ^which  may  also 
be  true  of  many  others — ^it  is  doubtful  whether  one  can  describe 
the  specimens  as  naturally  produced,  since  the  majority  would 
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seem  to  have  occurred  during  incubation  under  abnormal  con- 
ditions, as,  for  instance,  iu  a  lowered  temperature. 

Among  these  are  included  cases  of  three  embryos  on  one  yolk 
in  the  bird's  egg. 

I  have  myself  opened  a  large  number  of  eggs  during  the  last 
ten  years,  but  can  only  recollect  one  case  of  a  double  embryo. 
I  have  also  opened  some  hundreds  of  sparrows'  eggs,  but  I  have 
never  come  across  a  double  embryo.  The  only  abnormality  in 
the  sparrow  embryo  that  I  have  noticed  was  the  absence  of  the 
amnion  iu  a  specimen  equivalent  to  about  a  six  or  seven  dny 
chick,  which  had  led  to  certain  slight  deformities. 

It  is  well  known  that  cases  of  double  monsters  are  not  un- 
common among  fishes,  and  that  they  occur  more  frequently  in 
artificial  fertUisation  than  in  the  natural  course,  and  are  still 
more  frequent  in  the  dry  than  wet  method.  In  recent  years 
double  embryos  have  been  artificially  produced  by  many  workers 
in  amphibians,  and  other  groups  of  chordate  and  invertebrate 
animals. 

But  it  is  to  the  avian  instances  that  most  attention  has  been 
paid ;  and  around  them,  in  the  absence  of  mammalian  cases,  the 
controversy  has  from  time  to  time  been  carried  on  as  to  whether 
the  formation  of  double  monsters  occurs  by  fusion  of  two  separate 
germinal  vesicles,  or  by  a  fission  of  one  primary  area.  The 
specimen  I  am  about  to  describe  proves,  I  think,  conclusively 
that  a  fission  of  the  embryo  at  a  very  early  stage  does  occasion- 
ally occur  in  mammalia  under  normal  circumstances ;  and  it  is 
in  this  case  clearly  a  matter  of  how  far  apart  the  two  embryonic 
masses  may  be  at  the  time  of  the  formation  of  the  amnion  and 
placenta  whether  they  will  produce  twins  or  a  double  monster, 
provided,  of  course,  that  each  germinal  mass  is  in  itself,  as  it 
appears  to  be  in  my  specimen,  a  perfect  embryo. 

Fig.  1  is  a  surface  view  of  the  specimen,  showing  the  positions 
of  the  two  embryonal  areas  at  A  and  6. 

The  circumstances  under  which  the  specimen  was  obtained 
were  as  follows. 

A  pure-bred  Lincolnshire  ewe  was  served  by  a  pure-bred 
Lincolnshire  ram  on  22nd  November  1897,  and  the  ewe  was 
killed  on  the  afternoon  of  the  29th  of  the  same  month,  or  about 
one  week  after  sexual  union. 
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The  age,  therefore,  of  the  specimen  did  not  exceed  seven  dajR. 
The  time  which  elapses  between  sexual  union  and  the  impreg- 
nation of  the  ovum  in  the  sheep  is,  however,  subject  to  some 
variation. 

There  were  signs  of  the  discharge'  of  two  separate  ova  from 
one  of  the  ovaries.  I  onlj  found  this  one  specimen,  which  was 
obtained  from  the  horn  of  the  uterus  in  connection  with  the 
ovary  showing  the  two  corpora  lutea. 

Anyone  who  has  attempted  to  find  the  early  embryos  of  the 
sheep  will  know  how  difficult  a  task  it  is,  and  will  not  be  sur- 
prised that  I  found  but  one  specimen  out  of  the  two  expected  on 
this  occasion. 

The  usual  shape  of  the  blastodermic  vesicle  of  the  sheep  at 
this  stage  is  oval,  with  the  embryonic  area  upon  the  le&B  convex 
surface.  In  the  present  instance,  the  blastodermic  vesicle  was 
more  spherical.  It  was  not,  however,  by  any  means  regular  in 
shape ;  its  walls  were  flaccid,  as  is  always  the  case  after  the 
rupture  of  the  zona  radiata. 

For  a  further  description  of  the  normal  stages  of  the  sheep's 
development,  I  may  refer  to  my  paper  in  the  Quarterly  Journal 
of  Microscopical  Science,  vol.  xli,  which  will  shortly  appear,  in 
which  I  describe  fully  such  specimens  as  I  have,  and  the  manner 
of  obtaining  them. 

Suffice  it  at  present  to  say  that  this  specimen  was  hardened 
by  '5  per  cent,  chromic  acid,  stained  all  night  in  carmalum,  and 
cut  and  mounted  as  a  series  of  sections  *0D5  mm.  thick. 

An  examination  of  the  sections  shows  that,  as  far  as  I  am 
able  to  judge,  both  embryonic  areas '  bre  complete.  But  I 
am  thQ  m6re  confident'  in  the  case  of  the  one.  A,  than  the 
other;;  because  in  the-case  of  B,  a  stage  seems  to  be  repre- 
sented which  I  haVe  not  hitherto  met  with  in  my  ordinary 
specimens.'  '  , 

Fig.  2  represents  a  section  through  the  'spechneu  taken  along 
thd  lifte  a-^b  in  j5g.  1.-:  This:  Section  cuts  the  edges  only  of  the 
two  embryonic  areas.  I  have  drawn  this  for  the  twofold  pur- 
'pose  of  fihowifig'  the  actual  and  xelative  positions  of  the  two 
areas  on  the  blastodermic  vtoicle,  and  of  indicating  the  extension 
,  of  the  iniler  or  hy poblasti<i  layers,  H  B,  H  A,  of  the  two  embry- 
onic masses. 
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The  adjoining  outliDe  figures  A  and  E  represent  the  median 
sections  of  the  respective  germinal  areas,  drawn  to  the  same 
scale  as  fig.  2. 

It  should  be  stated  at  once  that  there  was  nothing  either  in 
the  surface  view  or  in  the  section  to  suggest  a  fusion  of  two 
separate  blastocysts;  but  to  this  I  must  refer  again. 

The  true  hypoblast  layers,  H  A,  H  B,  are  seen  to  be  quite 
separated  from  each  other ;  in  fact,  the  embryos  are  connected 
only  by  the  trophoblast  or  main  wall  of  the  blastocyst,  no  portion 
of  which  is  retained  after  foetal  life. 

The  area  A  differs  only  from  a  normal  oiie  in  being  very 
distinctly  smaller. 

Fig.  3  is  the  seventh  section  of  a  series  of  sixteen  which  pass 
through  the  germinal  area  A.  It  maybe  compared  with  the 
outline  figure  6,  which  represents  a  median  section  of  the 
embryonic  area  of  a  normal  embryo  of  the  sheep,  of  what  I  take 
to  be  the  corresponding  age. 

The  conditions  of  the  two  embryonic  areas  are  alike ;  and  the 
extension  of  the  hypoblast,  away  from  the  epiblastic  knob,  is 
about  the  same  in  each  case.  If  the  two  specimens  represent 
the  same  age,  it  is  clear  that  the  difference  iti  size  is  great, 
amounting  to  nearly  double.  But  it  is,  of  course,  possible  that 
fig.  5  represents  an  older  stage  than  fig.  3,  A  glance  at  the 
latter  figure  will  give  the  relations  of  the  epiblast  E,  of  tropho- 
blast T,  and  hypoblast  H.  It  will  be  remembered  that  the 
earliest  sheep  embryo  hitherto  described  is  that  figured  by 
Bonnet  (3),  in  which  there  was  no  trophoblast  overlying  the 
permanent  epiblast. 

It  may  be  noticed  that  although  there  is  so  great  a  difference 
in  size  between  the  two  areas,  figs.  3  and  6,  yet  the  nuclei  ar^ 
approximately  equal  The  difference  in  size  is  due  to  a  lesser 
number  of  cellular  units  in  the  one  case,  and  not  to  a  reduction 
in  size  of  the  several  cells  and  their  nuclei. 

In  the  other  embryonic  area  B,  which  is  rather  smaller  than  A, 
the  condition  of  things  shows  a  slight  advance  upon  that  of  fig. 
3.    Fig.  4  is  the  seventh  section  in  a  series  of  twelve  which  cut 

the  area  B. 

The  hypoblast  H,  as  represented  in  fig.  3,  consists  of  a  thin 
layer  of  attenuated  cells  applied  to  the  inner  surface  of   the 
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embryonic  epiblast  E,  but  it  shows  a  more  marked  discon* 
tinuity  with  the  trophoblast  than  it  does  in  fig.  3. 

The  epiblastic  mass  E  is  distinctly  flatter,  and  instead  of  being 
covered  over  its  whole  outer  surface  by  the  trophoblast  T,  it  is 
naked  in  its  more  central  area,  and  exposed  to  the  surface  X. 

In  the  section  which  I  have  drawn,  and  perhaps  in  the  one 
which  follows,  there  may  be  seen  to  be  what  is,  I  believe,  a  small 
pit  in  the  centre  of  the  exposed  surface  of  epiblast  X. 

It  must  be  extremely  narrow ;  for  although  the  section  drawn 
is  slightly  thicker  than  the  others,  it  is  not  likely  that  it  exceeds 
'0065  mm.  in  thickness. 

If  this  be  a  pit,  it  will  no  doubt  be  the  commencement  of 
some  process  such  as  is  found  accompanying  the  rupture  of  the 
trophoblast  layer  in  many  other  mammal8,-^Tupaia  (Hubrecht, 
11);  Talpa  (Heape,  10);  Sus  (Weysse,  12,  Assheton,  2),  etc. 

In  that  case  this  embryonic  area  is  of  special  interest,  as  it 
represents  a  stage  between  the  oldest  specimen  described  by  me 
(1)  and  the  youngest  found  by  Bonnet  (3). 

Whether  this  be  a  pit  or  no,  the  trophoblast  layer  is  evidently 
absent  from  the  centre  of  the  epiblastic  area,  so  that  I  think 
I  am  justified  in  assuming  that  in  the  sheep  the  trophoblast 
layer  ruptures  over  the  true  epiblast,  and  remains  in  connexion 
with  its  edges  only,  as  is  known  to  be  the  case  in  certain  other 
forms.  So,  although  I  have  no  other  specimen  with  which  to 
compare  it,  yet  considering  what  is  known  to  occur  in  other 
mammals,  it  seems  to  be  quite  possible  and  probable  that  this 
embryonic  area  B  is  in  all  respects  perfect,  except  that  it  is 
only  half  the  size  of  a  normal  specimen. 

At  certain  places — but  by  no  means  forming  a  continuous 
layer — I  find  a  thin  lightly-stained  layer,  marked  Z  in  the  figures 
3  and  4,  which  may  be  remains  of  the  zona  radiata;  which, 
however,  I  have  never  seen  in  so  large  a  blastocyst  of  the  sheep. 
The  zona  radiata  usually  disappears  at  an  earlier  stage,  though 
not  an  earlier  date.  Nor  is  it  quite  like  a  zona  radiata,  because 
it  has  not  stained  deeply  as  a  zona  radiata  usually  does  with 
carmalum.  Possibly  it  is  not  the  zona  radiata,  but  a  mucous 
deposit  derived  from  the  uterus,  and  should  be  compared  wiih 
the  *prochorion'  of  Hensen,  recently  described  in  the  dog  by 
Bonnet  (5). 
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From  the  above  description  we  may  conclude  that  in  this 
specimen  there  are  two  germinal  areas  upon  one  blastodermic 
vesicle,  each  apparently  perfect,  and  presumably  capable  of  form- 
ing a  perfect  embryo.  They  are  completely  separated;  and 
from  what  is  known  of  the  extraordinary  expansion  of  the 
normal  blastocyst  of  the  sheep,  there  would  have  been  nothing 
to  prevent  the  two  germinal  areas  becoming  so  far  removed  from 
one  another  as  to  make  interference  with  each  other  almost 
impossible. 

It  is  clear  that  in  this  case  each  embryo  would  have  a 
separate  and  complete  amnion  of  its  own,  and  at  the  close 
of  foetal  life  might  have  had  no  other  connexion  than  that 
which  normally  occurs  through  the  expansion  of  the  allantois 
when  two  originally  separate  embryos  develop  in  the  same 
uterus. 

It  is  also  interesting  to  note  the  difference  in  size  between  the 
two  germinal  areas,  as  well  as  the  difiference  in  the  state  of 
development.  In  this  case  it  is  the  smaller  of  the  two  which 
has  obtained  a  start  upon  the  other,  and  both  are  much  smaller 
than  might  be  expected  from  their  stage  of  development;  from 
which  it  would  seem  possible  that  size  has  much  to  do  with 
the  stage  of  development. 

It  will  have  been  gathered  from  my  comparison  of  the  twin 
specimens  with  my  normal  ones  that  I  should  not  have  expected 
to  find  either  germinal  area  so  far  advanced  as  it  is.  Subject  to 
the  great  uncertainty  as  regards  the  actual  age  of  normal  speci- 
mens, I  may  say  that  I  should  have  expected  the  area  A  to  be  a 
nine-days  embryo,  and  the  area  £  to  be  a  ten-day  or  even  an 
eleven-day  embryo ;  instead  of  which,  they  are  certainly  not 
more  than  seven  days  old.  The  difference  in  the  stage  of  the 
two  embryos  is  not  perhaps  very  great,  but  it  is  sufficient  to 
show  that  at  a  very  early  stage  one  may  get  a  start  of  the  other, 
which  might  lead  to  the  partial  absorption  or  even  to  the  inclu- 
sion of  the  one  less  advanced,  if  not  far  removed.  (Compare 
Duval  (9),  fig.  8  (Scheme  de  la  production  des  monstres  endo- 
cymiens). 

There  were,  as  I  mentioned  in  the  earlier  part  of  this  paper, 
.evident  signs  in  the  ovary  of  the  discharge  of  two  ova.  This 
Jact,  with  the  finding  of  one  double  blastocyst,  might  tempt 
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some  to  sappose  that  it  was  a  case  of  fasion  of  two  originally 
separate  blastocysts. 

The  following  considerations,  I  think,  are  enough  to  dispose  of 
such  an  explanation. 

Firstly i  each  germinal  area  is  undoubtedly  much  smaller  than 
the  normal  germinal  areas  of  the  corresponding  ages. 

Secondlyy  there  is  no  trace  of  a  line  of  fusion.  It  is  extremely 
unlikely  that  they  should  fuse  as  long  as  the  zona  radiata  is 
intact.  As  the  zona  radiata  can  have  only  quite  recently  rup- 
tured, the  fusion  must  have  occurred,  if  it  did  occur,  very 
recently ;  but  of  this  no  sign  exists. 

TldrcUy,  there  is  no  evidence,  so  far  as  I  know,  of  the  fusion  of 
blastodermic  vesicles.  In  the  pig,  for  about  the  fourteenth  to 
twentieth  days,  there  may. be  six  or  seven  embryos  in  one  horn 
of  the  uterus.  Each  blastocyst  grows  out  as  far  as  it  can  in 
both  directions,  and  so  comes  in  contact  with  its  neighbours.  I 
have  never  found  them  fused  within  the  uterus,  although  lying  in 
contact  I  have,  however,  found  the  lower  ends  of  the  lowest 
embryos  on  each  side  which  projected  into  the  vagina  apparently 
fused  on  one  occasion.  I  did  not  examine  them  closely,  and  so 
cannot  say  whether  it  was  a  real  fusion  or  not. 

The  specimen  described  in  this  paper  affords  no  evidence  in 
itself  of  the  cause  of  the  division  Whether  the  cause  lies  in 
the  retention  of  an  excess  of  germ  plasm  by  failure  of  the 
extrusion  of  a  polar  body,  as  suggested  by  Windle  (13) ; — or 
whether  by  the  occurrence  of  polyspermy ;  or  whether  by  the 
presence  of  two  germinal  vesicles  in  one  ovum,  Dareste  (8), 
Duval  (9) ; — or  whether,  in  accordance  with  Clelaud*s  remarks, 
''There  can  be  nothing  more  certain  than  that  the  mass  of 
corpuscles  destined  normally  to  form  a  single  embryo  may, 
uuder  some  abnormal  influence,  break  up  into  two,  each  of 
which  inherits  all  the  potentialities  of  the  undivided  mass," — 
we  cannot  judge  from  the  specimen  itself  (7,  p.  9). 

But  it  is  worth  while  to  notice,  by  an  examination  of  the 
formation  of  the  blastocyst  of  the  sheep,  how  this  fission  may 
possibly  take  plcu^e  through  what  may  almost  be  termed  an 
accident. 

The  ovum  of  the  sheep  is  large.  At  one  time  the  embryo  is 
a  morula.    The  cavity  of  the  blastodermic  vesicle  arises  some- 
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what  irregolarlj  among  the  cells  of  this  morula.  Several  cavities 
may  appear  at  once  (pide  fig.  6),  which  normally  become  confluent, 
and  result  in  the  formation  of  a  blastodermic  vesicle,  with  a  wall 
one  cell  thick  except  at  one  point.  In  some  specimens  strands 
of  protoplasm  are  to  be  seen  crossing  this  cavity.  In  the  speci- 
men, a  section  of  which  is  represented  by  fig.  6,  there  are  two 
cavities,  C  B  L,  C  B  L\  which  are  quite  separate. 

Is  it  not  conceivable  that  such  an  irregular  splitting  may 
sometimes  arise  in  such  a  way  that  the  embryonic  mass  be- 
comes divided  into  two  portions? 

If  this  be  a  possible  origin,  we  should  expect  to  find  mon- 
strosities less  frequent  in  such  animals  as  rabbits  or  moles, 
^here  the  blastocyst  cavity  arisss  as  a  much  clearer  and 
more  regular  slit  than  in  the  sheep  or  even  pig  where  it  is  so 
irregular. 

It  seems  to  me  that  we  have  here  indicated  a  very  possible 
cause  of  the  occurrence  of  twins  and  monstrosities  in  addition 
to  those  mentioned  above.  According  to  an  hypothesis  on  the 
homology  of  the  trophoblast  which  I  have  suggested  in  another 
paper  (1),  the  epiblast  and  hypoblast  are  already  difTerentiated 
in  the  sheep  in  the  morula  stage.  Hence  no  embryo  would  be 
formed  as  a  result  of  fission  during  the  process  of  formation  of 
the  blastocyst  cavity,  uuless  cells  of  each  kind  were  distributed 
in  their  proper  positions  in  each  half.  It  may  be  urged  that 
even  then  such  an  accidental  origin  of  a  partial  or  complete 
fission  of  the  embryo  is  only  tenable  on  a  very  epigenetic  view 
of  development. 

It  is,  of  course,  obvious  that  only  a  fission  which  occurred 
sagittally  could  produce  twins  or  double  monsters.  A  transverse 
fission  which  separated  the  primary  and  secondary  centres  of 
growth  of  the  embryo,  which  presumably  already  exist,  from 
each  other,  would  hardly  produce  an  embryo  with  even  a 
possible  chance  of  existence;  for,  except  by  a  process  of  re- 
generation, neither  part  would  acquire  the  organs  essential  to 
its  development. 

In  the  specimen  described  above,  fission  had  occurred  long 
before  the  appearance  of  the  primitive  streak,  and  had  there- 
fore taken  place  very  much  sooner  than  in  any  of  the  cases  in 
birds  recorded  hitherto^  with  the  exception  of  those  cases  in 
VOL.  xxxiL  (n.s.  vol.  xu.)  2  b 
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a-b.  Line  of  section  of  fig.  2. 
CBL.  Cavity  of  the  blastocyst. 

E.  Epiblastic  knob  of  embryonic  mass. 

H.  Hypoblast  layer  of  germinal  area. 
H  A.  Hypoblast  layer  of  the  less  advanced  germinal  area. 
H  B.  Hypoblast  layer  of  the  more  advanced  germinal  area. 

8.  Spermatozoa  imbedded  in  zona  radiata. 

T.  Tropho blast,  or  main  wall  of  the  blastocyst. 

Z.  Zona  radiata. 

X.  Point  where  the  trophoblast  has  ruptured. 

Fig.  1.  A  surface  view  of  a  specimen  of  a  twin  blastodermic  vesicle 
of  the  sheep ;  aged  7  days.  The  two  germinal  areas  are  shown  at 
A  and  B. 

Fig.  2.  A  drawing  of  a  section  of  the  specimen  shown  in  fig.  1, 
taken  along  the  line  a-b.  The  section  passes  through  the  edges 
only  of  the  two  germinal  areas.  The  small  figures  A  and  B  are  more 
median  sections  of  the  two  areas,  drawn  to  the  same  scale. 

Fig.  3.  An  enlarged  drawing  of  a  nearly  median  section  of  the 
embryonic  area  A. 

Fig.  4.  An  enlarged  drawing  of  a  nearly  median  section  of  the 
embryonic  area  B. 

Fig.  5.  An  outline  drawing  of  a  median  section  of  a  normal  embry- 
onic area  of  the  sheep,  of  a  stage  corresponding  to  that  of  A. 

Fig.  6.  An  outline  drawing  of  a  section  of  a  young  specimen  of  the 
sheep  embryo  during  the  conversion  of  the  morula  into  the  blasto- 
dermic vesicle. 


JminJirAnaJ-.teFhfxApriUm 

A 

F 


Fig.  4 

X  600 


'^ 


Fi^.5 


Fii6 


voi.xxxin„y, 


J,mm..orAtiai:aPhys  April  WS. 
A 

F  "  ' 


Fig.  4 

X  eoo 


^^ 


Fig.  2 


Fig.  5 


Fi^e 


Fllnth.Lilh'Ediny 


MODEEATOR  BAND  IN  LEFT  VENTEICLE  AND  TRI- 
CUSPID  LEFT  AURICULO- VENTRICULAR  VALVE. 
By  Professor  Sir  W.  Turner,  F.R.S. 

Left  Moderator  Band. 

On  two  previous  occasions  I  have  communicated  to  this  Journal 
notes  on  the  occurrence  of  a  moderator  band  in  the  left  ventricle 
of  the  human  heart.^  I  have  now  before  me  a  third  specimen 
from  an  adult  male  subject,  which  I  employed  during  the  pre- 
sent winter  to  illustrate  my  lectures  ou  the  vascular  system. 

The  left  ventricle  was  opened  into  by  cutting  through  the  wall 
parallel  to  and  immediately  to  the  left  of  the  anterior  inter- 
ventricular groove,  and  not  by  the  customary  method  of.  trans-^ 
fixing,  which  is  so  apt  to  injure  some  of  the  intraventricular 
structures.  A  strong  rounded  band,  27  mm.  long  by  5  mm.  in 
width,  was  seen  to  pass  across  the  ventricular  cavity.  It  was 
attached  by  one  end  to  the  septal  wall,  18  mm.  from  its  anterior 
border,  and  by  the  other  to  the  opposite  wall,  with  the  muscular 
fibres  of  which  it  was  continuous.  It  lay  almost  transversely  to 
the  long  axis  of  the  ventricle :  its  lower  border  was  28  mm. 
above  the  apex  of  the  cavity,  and  its  upper  border  was  12  mm. 
below  the  basal  attachment  to  the  ventricular  wall  of  the  more 
anterior  of  the  two  papillary  muscles.  It  consisted  of  muscular, 
tissue,  surrounded  by  endocardium. 

A  fibrous  thread,  about  equal  in  thickness  to  a  chorda  teur 
dinea,  was  attached  to  the  ventricular  wall,  about  midway 
between  the  base  pf  the  more  anterior  papillary  muscle  and  the 
level  of  the  upper  border  of  the  moderator  band.  It  passed 
backwards  to  become  connected  with  the  posterior  wall  of  the 
ventricle,-  close  to- the  base  of  the  more  posterior  papillary 
muscle,  and  was  quite  free  between  its  two  ends. 

*  Vol.  xxvii.,  Proceedings  of  ATiatomical  Society ,  Feb.  1893,  p.  xix,Tind  vol. 
.  p.  CeS,  1896. 
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The  septal  wall  of  the  ventricle,  as  in  the  heart  which  I 
described  in  1896,  ppssessed,  from  the  place  of  attachment  of  the 
moderator  band  up  to  the  aortic  vestibule,  a  smooth  surface, 
almost  unbroken  by  projecting  carnese  columua. 

The  right  verUricle  was  opened  into  by  an  incision  along  the  right 
border  of  the  heart,  and  another  immediately  below  and  parallel 
to  the  right  auriculo-ventricular  groove.  A  strong  papillary 
muscle  arose  from  the  anterior  wall  Its  bixse  extended  for  20 
mm.  as  far  as  the  anterior  edge  of  the  interventricular  septum. 
Immediately  above,  but  separated  by  a  pouch-like  recess,  was 
the  moderator  band  of  the  right  ventricle,  which  arose  by  three 
muscular  bundles,  two  of  which  were  continuous  with  the 
septum  near  its  anterior  border,  whilst  the  third  was  connected 
with  the  anterior  wall  of  the  ventricle,  not  far  from  the  septum. 
The  right  moderator  band  blended  with  the  anterior  papillary 
muscle  a  short  distance  above  its  basal  attachment.  Its  maxi- 
mum length  was  14  mm. 

When  the  right  and  left  moderator  bands  in  this  heart  were 
compared  with  each  other,  it  was  seen  that  the  left  was  longer 
and  thicker  than  the  right,  and  was  more  freely  differentiated 
from  the  ventricular  wall.  In  both  cavities  they  were  mus- 
cular, so  that,  in  considering  their  function,  they  ought  not  to 
be  regarded  as  bands  which  passively  moderate  or  restrict  the 
distension  of  the  chambers  in  which  they  lie,  but  rather  as 
actively  participating  in  the  work  of  the  ventricle,  and  by  their 
contraction  drawing  the  opposite  walls  together  and  assisting 
in  the  expulsion  of  the  blood. 

In  its  thickness  and  the  degree  of  its  muscularity,  the  left 
moderator  band  in  this  heart  contrasted  in  a  marked  manner 
with  those  seen  in  the  two  hearts  previously  described.  In 
them  the  bands,  though  longer,  were  much  more  slender,  and, 
though  muscular  at  the  attached  ends,  contained  in  their  length 
apparently  only  a  single  fasciculus  of  muscular  fibre. 

Tricuspid  Left  Auriculo-ventricular  Valve. 

During  the  present  winter  session  the  dissectors  of  a  thorax 
called  my  attention  to  the  left  ventricle  of  a  heart  in  which 
three  strong  musculi  papillares  projected  from  the  wall  into  the 
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cavity.  They  were  almost  equal  Id  length  and  thickness,  and 
for  descriptive  purposes  may  be  named  A.  B.  and  C.  A.  sprang 
from  the  posterior  wall,  close  to  the  left  border  of  the  ventricle ; 
p.  from  the  same  wall,  close  to  the  right  and  posterior  border 
of  the  septum ;  C.  from  the  septum  in  front  of  and  to  the  left 
of  B.  Each  muscle  gave  origin  in  the  usual  way  to  chordae 
tendiueae.  As  three  muscles  of  almost  equal  magnitude  were 
present,  I  was  naturally  led  to  examine  the  auriculo-ventricular 
opening,  to  see  if  there  were  not  three  cusps  to  the  valve,  which 
was  found  to  be  the  case. 

The  largest  cusp  was  placed  obliquely  in  front  of  the  opening, 
and  was  opposite  the  interval  between  papillary  muscles  A.  and 
C,  from  each  of  which  it  received  chordae  tendineae.  This  cusp 
was  also  in  relation  to  the  aortic  vestibule  and  opening ;  it  was 
smooth  on  both  surfaces,  and  obviously  represented  the  normal 
anterior  cusp  of  the  mitral  valve.  The  second  cusp  was  situ- 
ated opposite  the  interval  between  A.  and  B.,  from  both  of 
which  it  received  chordae  tendineae;  it  was  distinctly  smaller 
than  the  anterior  cusp,  and  was  situated  behind  and  somewhat 
to  the  left  of  the  opening.  The  third  cusp  was  between  B.  and 
C,  and  received  chordae  tendineae  from  both ;  it  was  about  the 
same  size  as  the  second  cusp,  and  was  on  the  right  posterior 
part  of  the  opening.  From  their  smaller  size,  the  two  posterior 
cusps  together  represented  the  posterior  cusp  of  the  normal 
valve. 

The  cusps  were  all  thickened,  contracted,  and  somewhat  cal- 
cified from  disease,  and  they  consequently  did  not  present  such 
broad  surfaces  as  in  a  healthy  valve. 

The  increase  in  the  number  of  cusps  in  the  mitral  valve  is  an 
interesting  variation  in  relation  to  comparative  cmatomy.  Though 
in  most  mammals  the  normal  number  of  cusps  at  the  left 
auriculo-ventricular  orifice  is  two,  as  in  the  human  mitral,  a 
larger  number  is  sometimes  seen.  In  the  horse,  for  example,  an 
accessory  cusp  is  occasionally  seen  on  the  right  of  the  opening. 
In  the  Cetacea,  the  ziphioid  Mesoplodon  hid^ns  (Sowerby's 
wbale),^  though  possessing  two  large  cusps  in  the  valve,  had  two 
distinct  smaller  cusps  intermediate  to  the  larger,  so  that  the  valve 
was  definitely  quadricuspidate.    In  a  specimen  of  the  Whale- 

^  Jour,  of  Altai,  and  Phys,,  vol.  zx.  p.  164,  1886. 
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bone  whale,  Balcenoptera  rostrcUa^  the  quadricuspidate  division 
was  more  strongly  marked,  and,  in  addition,  I  found  three  thick 
stunted  papillary  muscles  opposite  the  intervals  between  three 
of  the  cusps,  whilst  the  fourth  interval,  instead  of  a  single  thick 
muscle,  had  several  smaller  elongated  papillae,  from  which  the 
chordae  tendineae  arose.  I  may  also  state  that  in  this  heart 
four  strong  muscular  moderator  bands  passed  across  the  left 
ventricle  from  the  septal  to  the  ventral  wall. 

1  Proc.  Roy.  Soc  Ediiu,  Feb.  16,  1892,  p.  62. 


SPONTANEOUS  CUEE  AND  TORSION  OF  ANEURISM 
IN  A  SHEEP.    By  Gordon  Sharp,  M.t).  Edin. 

The  specimen  I  am  about  to  describe  was  found  lying  loose  in 
the  belly  of  a  healthy  sheep,  quite  close  to  the  gall-bladder.  No 
point  could  be  detected  as  showing  its  former  attachment&  In 
size  it  was  of  the  dimensions  of  a  dried  prune,  and  of  alm6st  the 
same  colour,  and  it  had  a  smooth  outer  covering.  On  carefully 
handling  and  examining,  it  gave  the  impression  of  having  semi-' 
soUd  contents.  The  shape  was  oval,  and  at  one  end  there  were 
the  remains  of  a  short  pedicle,  and  this  pedicle  looked  as  if  it 
had  been  removed  by  slow  torsion.  The  general  impression  left' 
on  one's  mind  after  such  a  preliminary  examination  was  that 
the  specimen  was  a  bag  containing  bile  in  a  semisolid  state. 


Naked-eye  aiid  Microscopic  Characters, 

(1)  Of  the  Coidents. — On  slitting  the  sac  open,  a  soft,  semi- 
solid chocolate-coloured  mass  was  seen  loosely  adhering  to  the 
walls.  A  small  portion  of  this  material  was  tested  for  bile- 
acids  and  bile-salts,  but  no  reaction  was  obtained.  Another 
portion  was  next  tested  with  solutions  of  guaitwum  resin  and 
ozonic  ether,  and  a  blue  colour  was  at  once  struck.  A  third  por- 
tion was  now  diluted  with  normal  saline  solution,  and  examined 
by  the  low  and  high  powers  of  the  microscope,  when  broken- 
down  blood- cells  and  numerous  disintegration  crystals  were  seen, 
with  here  and  there  red  cells,  gi*anular  in  appearance,  which  hacf 
not  undergone  complete  disintegration, 

(2)  Of  the  Sac, — ^The  sac  was  as  thin  as  tissue-paper  (although 
tough  in  texture)  in  most  parts,  but  near  the  pedicle  it  was 
inuch  thicker.  Various  portions  were  hardened  in  weak  foriiiid 
aldehyde  solution,  and  sections  cut  and  examined  by  the  micro-^ 
scope  after  being  stained  with  picrocarmine  solution.  Thesrf 
differed  in  appearance  and  in  tissue  structure.    v)ne  section  was 
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made  up  almost  entirely  of  fibrous  tissue.  A  second  contained, 
in  addition,  a  large  proportion  of  elastic  and  muscular  tissue, 
the  fibrous  tissue  being  to  the  outside,  and  the  muscle  and  elastic 
to  the  inside.  A  third  contained  only  a  visible  amount  of  muscle 
and  elastic  tissues,  the  bulk  being  fibrous.  In  no  section  could 
any  epithelial  layer  of  cells  be  seen. 

Nature  of  the  Spedmen. 

Putting  the  various  circumatances  of  structure  of  sac  and 
characters  of  contents  together,  one  concludes  that  this  blood 
tumour  was  an  aneurism  growing  from  the  side  of  one  of  the 
larger  blood-vessels.  We  can  imagine  slight  damage  to  the  wall 
of  a  blood-vessel :  a  bulging  forms,  and  grows  steadily  and  slowly 
till  it  has  assumed  the  appearance  and  shape  of  a  distinct  body. 
Instead  of  this  swelling  extending  till  the  walls  become  thinned 
tp  the  point  of  giving  way,  Nature  has  all  the  while  been  carry- 
ing on  her  compensatory  work.  Damage  and  compensation  have 
been  proceeding  side  by  side,  but  compensation  has  been  in 
excess  of  damage.  The  contents  of  the  sac  act  as  a  compensa- 
tory agent,  by  disintegrating  more  and  more  as  they  are  removed 
from  the  blood  stream,  till  finally  the  sac  and  contents  becomes 
a  body  foreign  to  the  vessel  from  which  it  had  its  origin.  Time 
completes  the  work,  and  the  aneurismal  swelling  drops  off. 

Practical  Deductions, 

Aneurism  is  more  curable  than  on  first  consideration  we  are 
led  to  think,  for  it  is  a  common  experience  to  find  remains  of 
aneurisms  in  the  dead  body.  Excluding  the  r^on  of  the  brain, 
if  the  aneurism  occurs  on  one  of  the  vessels  at  a  distance  from 
the  heart,  the  condition  is  most  likely  due  to  an  accident,  and 
Nature  may  be  able  to  complete  a  cure.  In  aneurisms  of  this 
class,  one  may  reasonably  hope  for  success  crowning  our  efforts 
if  we  follow  the  methods  employed  by  Nature.  We  may  remove 
the  tumour,  or  employ  means  to  promote  solidification  of  the 
contents  of  the  sac.  But  when  the  aneurism  occurs  on  the 
vessels  of  the  brain,  or  on  the  vessels  close  to  the  heart,  then 
there  is  more  likelihood  of  the  condition  being  dependent  on  a 
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general  disease  of  the  blood  and  of  its  vessels,  and  for  this  reason 
we  have  to  place  aneurisms  of  these  parts  in  the  category  of 
maladies  hi^y  incurabla  We  may  try  iodide  of  potassium, 
which  often  produces  marked  benefit,  and  may  even  remove  the 
ii^orbii}  growth.  Here  the  drug  acts  not  in  virtue  of  its  depres- 
sant effect  on  the  circulation,  as  is  sometimes  supposed,  for  even 
with  very  large  doses  this  effect  is  almost  inappreciable.  Its  action 
is  that  of  an  eliminant,  removing  the  morbid  deposits  due  to 
syphilis,  gout,  rheumatism,  or  other  poison;  and  so  Nature  is 
placed  under  circumstances  the  most  favourable  to  effect  a 
cure. 


CONCERNING  THE  PARATHYROID  GLANDS:  A 
CRITICAL,  ANATOMICAL,  AND  EXPERIMENTAL 
STUDY.  By  D.  A.  Welsh,  M.A,  M.D.,  Assistant  to  the 
Professor  of  PaJthdogy  in  the  University  of  ..Edinburgh. 
(Platb  VII.) 

{CorUintied  from  page  307.) 
Part  II.— Anatomy. 

For  the  purposes  of  this  study,  the  parathyroid  glands  were 
investigated  in  more  than  forty  cases  in  man,  from  earliest 
infancy  to  advanced  age,  including  the  human  foetus  at  six 
months ;  and,  among  other  mammalia,  in  the  ox,  in  the  sheep,  both 
adult  and  foetal,  in  the  rabbit,  in  the  cat,  and  in  the  ferret.  It 
is  not  intended,  however,  that  the  following  description  should 
apply  to  all  these  cases,  but  that  it  should  be  almost  exclusively 
limited  to  the  anatomy  of  these  glands  in  the  human  subject. 
The  other  animals  will  be  referred  to  only  in  so  far  as  they 
illustrate  conditions  analogous  to  those  which  occur  in  man. 

In  dissecting  the  parathyroid  glands  in  man,  one  is  at  first 
confused  by  the  number  of  separate  nodular  bodies  which  lie  in 
more  or  less  close  proximity  to  the  thyroid,  and  which  are, 
especially  at  first,  liable  to  be  mistaken  for  them.  Among  such 
bodies  may  be  noted  accessory  thyroid  glands,  nodules  of  thymus 
tissue,  masses  of  lymphadenoid  tissue,  hsemolymph  glands,  carotid 
glands,  and  nodules  of  adipose  tissue.  It  is  at  first  impossible 
to  distinguish  with  certainty  by  the  naked  eye  between  these 
structures  and  the  parathyroid  glands,  and  I  was  therefore 
obliged  at  the  outset  to  examine  histologically  a  large  number 
of  tissues  from  each  case.  By  this  somewhat  tedious  process,  I 
was  gradually  enabled  to  identify  the  parathyroids  with  greater 
certainty,  and  it  soon  became  apparent  not  only  that  they  were 
very  constant  in  their  occurrence,  but  that  they  occupied  fairly 
definite  positions,  so  that  the  investigation  of  subsequent  cases 
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was  greatly  facilitated.  As  will  be  shown  later,  their  histo- 
logical features  are  so  striking  and  so  charaeteristic  that  little 
difficulty  is  ever  experienced  in  identifying  them  under  th^ 
microscope. 

General  Characters. 

Number, — It  may  be  stated  as  a  general  rule  that  in  man 
there  are  in  all  four  parathyroid  glands — two  on  each  side. 
Cases  in  which  apparently  there  are  fewer  may  be  explained  on 
several  grounds,  two  of   which  may  be  here  noted :  (1)  an 
abnormal  distribution  of  the  glands,  so  that  one  or  more  has 
escaped  observation  ;  and  (2)  a  more  or  less  intimate  connexion 
between  two  of  the  glands,  so  that  they  appear  externally  as  one 
mass.      That   they  may  occasionally  occupy  widely  different 
poHitious  will  be  shown  later  when  their  usual  sites  and  relations 
are  described^  and  it  is  therefore  not  unreasonable  to  suppose 
that  in  the  small  minority  of  cases  in  which  they  cannot  all  be 
found,  the  missing  gland  has  probably  been  overlooked.     But  it 
may  sometimes  also  happen  that  a  gland  is  missing  on  one  side 
because  it  has  become  bound  up  in  the  same  capsule  either  with 
the  other  gland  of  the  same  side  or  with  the  corresponding 
gland  of  the  opposite  side.     Sometimes  this  connexion  is  not  at 
all  close,  as  in  one  case  where  the  two  superior  parathyroids 
were  found  on  the  same  side  with  their  capsules  united  by  a 
strand  of  dense  fibrous  tissue  about  ,10  mm.  long.     More  often 
the  union  is  closer,  so  that  the  two  glands  appear  to  form  u  single 
body;  but,  even  in  this  case,  microscopic  examination  shows 
that  the  two  organs,  a.lthough  enclosed  in  the  same  capsule,  are 
completely  separated    by  a  fibrous    septum.      A  remarkable 
instance  occurred  in  one  child  examined,  in  which  no  para- 
thyroids could  be .  detected  on  the  right  side  after  the  most 
careful  search,  whereas  two  were   readily  found  on  the  left. 
Under  the  microscope,  however,  it  appeared  that  each  of  the 
two  left  parathyroids  was  in  reality  double,  and  contained  two 
separate  organs  within  the  same  capsule. 

Size  qmd  Shape. — In  size  they  ^how  considerable  variety. 
Most  commonly  they  measure  about  6  or  7  mm.  iiji  length,  aboift 
3  or  4  mm.  in  breadth,  and  about  1*5  or  2  mm.  in  thickness. 
In  one  of  the  lai^est  examined  the  length  wad  15  mm.,  the 
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breadth  6  mm.»  iBtnd  the  thickness  3  mm.  The  length  is  the 
most  variable  dimension:  it  is  not  at  all  uncommon  to  find 
them  10  or  11  mm  long,  while  the  breadth  and  thickness 
remain  of  average  measurement  The  moat  constant  dimension 
is  the  thickness :  it  is  somiewhat  exceptional  to  meet  them  more 
than  2  mm.  thick,  or  less  than  1*5  mm. 

In  shape  they  present  one  of  two  forms.  (I)  In  the  majority 
of  cases  they  are  oval,  and  only  rarely  approximate  to  a  circular 
outline.  With  few  exceptions  they  are  very  thin,  forming  flat 
ovoid  plates  or  discs,  which  are  moulded  to  the  form  of  the 
subjacent  structures.  (2)  It  not  infrequently  happens  that  one 
extremity  is  tapered  o£f  to  a  fine  point,  so  that  they  have  a 
flattened  pyriform  outline.  When  this  occurs  the  gland  is 
connected  by  a  distinct  stalk  or  process  with  the  thyroid  itself. 
Along  this  stalk  the  parathyroid  tissue  passes  for  some  distance, 
but  usually  ceases  before  it  reaches  the  thyroid.  The  vessels 
that  supply  the  parathyroid  are  also  carried  by  this  process,  and 
enter  or  leave  the  gland  by  its  tapering  extremity.    This  form 

is  very  typically  seen  in  the  ox,  in  which  it  is  the  most  common 
condition. 

In  the  child  they  present  the  same  general  form  as  in  the 
adult,  but  they  appear  to  be  relatively  nmch  larger,  though  I 
have  not  yet  examined  a  sufficient  number  of  cases  in  children 
to  enable  me  to  make  a  definite  statement.  In  a  child  niiie 
months  old,  for  example,  the  two  left  parathyroids  measured 
3  mm.  by  2  mm.  by  1  mm.,  and  4  mm.  by  2  mm.  by  1  mm. 
respectively. 

Weight — The  average  weight  of  the  fresh  parathyroid  in  the 
adult  is  about  0'035  grammes,  but  the  limits  of  variation  are 
very  wide,  extending  from  a  minimum  of  0010  grammes  to  -a 
maximum  of  0100  grammes,  or  even  more.  I  have  not  been 
able  to  establish  any  relation  between  the  weight  of  the  para- 
thyroids and  that  of  the  thyroid.  Eelatively  large  parathyroids 
may  be  associated  with  small  or  with  large  thyroids,  and  the 
same  statement  applies  to  relatively  small  parathyroids.  The 
same  indeterminateness  characterises  their  relation  to  the 
pituitary  also. 

Colour, — In  colour  they  present,  as  a  rule,  a  distinct  contrast 
to  the  thyroid    Their  characteristic  hue  is  yellow,  with  varying 
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admixtures  of  red  and  browru  The  yellow  tiut  is  due  to  the 
infiltration  of  fat  cells  in  clusters  between  the  masses  of 
epithelial  cells  of  the  gland, — a  condition  which  apipears  to  be 
normal  when  present  to  a  slight  extent,  but  which  may  be  met 
in  an  extreme  degree. 

Surface, — The  surface  is  uniformly  soft  and  smooth,  much 
smoother  than  that  of  the  thyroid,  and  usually  shows  a  well- 
marked  delicate  reticulum  of  minute  veins  just  underneath  the 
capsule.  The  light  yellowish  colour  and  the  remarkably  smooth 
surface  with  its  fine  venous  reticulum  are  appearances  which 
materially  aid  the  identification  of  the  parathyroids  by  the 
naked  eye. 

Position  and  Bdations, 

The  two  parathyroid  glands  on  each  side  have  a  very  constant 
position  relatively  to  each  other.  One  of  them  is  almost 
invariably  situated  above  and  behind  the  other,  and  they  may 
therefore  be  distinguished  as  the  *  posterior  superior '  and  the 
'anterior  inferior'  parathyroid  respectively.  It  will  be  con- 
venient to  describe  the  relations  of  each  separately. 

I.  The  posterior  superior  parathyroid  of  each  side  is  much 
more  constant  in  its  position,  and  much  more  easily  found  than 
the  anterior  inferior  glcmdule.  Briefly,  it  may,  as  a  rule,  be  said 
to  lie  on  the  posterior  wall  of  the  oesophagus  or  pharynx,  at  the 
level  of  the  lower  edge  of  the  cricoid  cartilage,  immediately 
internal  to  the  posterior  margin  of  the  lateral  thyroid  lobe,  and 
in  front  of  the  prevertebral  division  of  the  cervical  fascia.  It 
usually  has  very  definite  relations  to  most  of  the  following 
structures : — (1)  the  thyroid  gland,  (2)  the  oesophagus  or  pharynx, 
(3)  the  prevertebral  fascia,  (4)  the  inferior  thyroid  artery,  (5) 
the  recurrent  laryngeal  nerve,  (6)  the  lateral  thyroid  ligament 
It  may,  in  addition,  have  quite  peculiar  relations  to  (8)  accessory 
thyroid  glands  and  (9)  nodules  of  adipose  tissue.  In  illustration 
of  these  points  a  series  of  outline  sketches  has  been  prepared  by 
Mr  Eichard  Muir.  The  sketches  are  reduced  from  outlines 
drawn    to  scale   from  actual    dissections,  and  are   shown  in 

fig.  2. 
(I)  Perhaps  the  most  important  relation  consists  in  the  fact 
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that  the  parathyroid  is  quite  separate  from  the  thyroid  tissue, 
lu  the  great  majority  of  cases  it  lies  entirely  outdde  the  thyroid 
capsule.  In  a  few  cases,  however,  it  is  found  enclosed  within 
the  same  capsule,  but  what  really  happens  is  that  the  thyroid 
capsule  splits  to  enclose  the  parathyroid.  .  In  my  experience  the 
tissue  of  the  parathyroid  is  never  directly  continuous  with  that 
of  the  thyroid,  but  always  separated  from  it  by  b  distinct  septum 
of  fibrous  tissue.  The  parathyroid  may  even  occupy  a  shallow 
-depression  on  the  outer  thyroid  surface,  but  it  is  never  enclosed 
-within  the  thyroid  substance  to  any  appreciable  extent.  ^ 

While  the  commonest  position  of  the  parathyroid  relatively 
to  the  thyroid  is  immediately  internal  to  the  posterior  margin  of 
the  lateral  lobe,  it  may  show  considerable  variations.  Thus  it 
may  not  be  found  until  the  posterior  thyroid  margin  has  been 
reflected  outwards,  and  then  it  lies  underneath  or  internal  to 
the  inner  (tracheal)  surface  of  the  lateral  lobe  (fig.  2,  b) ;  more 
rarely  it  is  found  on  the  external  surface  (fig.  2.  c),  and  still 
more  rarely  at  any  considerable  distance  from  the  posterior  edge 
(fig  2,  «). 

(2)  Its  relation  to  the  oesophagus  and  pharynx  is  simple  and 
very  constant  It  is  almost  invariably  found  on  the  posterior 
wall  at  or  near  the  junction  between  the  two.  The  long  axis  of 
the  parathyroid  is  usually  parallel  to  that  of  the  oesophagus  or 
pharynx,  and  its  flattened  surface  is  closely  applied  and  moulded 
to  the  muscular  wall. 

(3)  Its  relation  to  the  prevertebral  fascia  is  most  important, 
and  is  diagranmiatically  represented  in  PI.  VI.  fig.  1,  6.  It  in- 
variably lies  in  front  of  the  fascia,  and  is  therefore  partitioned 
oft'  in  the  same  compartment  with  the  thyroid,  trachea,  and 
oesophagus. 

On  this  relation  depends  a  prewtical  method  by  which  these 
parathyroids  may  most  readily  be  secured.  The  thyroid  should 
not  be  dissected  off  from  adjacent  structures,  but  should  be  re- 
moved along  with  the  larynx  and  trachea  and  the  pharynx  and 
oesophagus,  so  that  their  mutual  relations  remain  undisturbed. 
The  posterior  aspect  of  this  mass  of  tissue  should  then  be 
examined,  when,  on  stretching  or  incising  the  layer,  of  fascia 
where  the  posterior  margin  of  the  thyroid  meets  the  oesophagus, 
the  posterior  parathyroid  is  usually  at  once  revealed.     Care 
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should  be  taken  that  the  trachea  and  oesophagus  are  divided  at 
OS  low  a  level  as  possible,  otherwise,  as  will  appear  later,  the 
anterior  parathyroids  may  escape  observation. 

(4)  It  may  be  stated  as  a  general  rule  that  the  centre  of  the 
posterior  parathyroid  is  situated  about  the  level  of  the  lower 
edge  of  the  cricoid  cartilage,  but  it  is  seldom  exactly  so  placed. 
More  commonly  it  is  a  few  millimetres  higher  or  lower,  and 
very  rarely  is  there  absolute  symmetry  on  the  two  sides. 

In  exceptional  cases  it  may  be  placed  very  high,  so  that  it  lies 
on  the  inferior  cornu  of  the  thyroid  cartilage,  as  in  fig.  2,  c,  or 
it  may  be  found  as  low  as  the  sixth  tracheal  ring,  as  in  fig. 
2,  e*  The  latter  is  a  very  exceptional  position,  but  it  explains 
how,  if  the  trachea  had  been  cut  short,  even  the  posterior 
parathyroid  of  that  side  would  not  have  been  detected.  ^ 

(5)  and  (6)  The  inferior  thyroid  artery  and  the  recurrent 
laryngeal  nerve  pass  upwards  in  front  of  the  posterior  parathy- 
roid ;  and  where  the  gland  occupies  its  usual  position,  they  are 
also  internal  to  it.  This  relation  marks  one  of  the  distinctions 
between  the  posterior  and  the  anterior  parathyroids,  for  the 
latter  always  lie  in  front  of  the  artery  and  nerve. 

*  (7)  The  lateral  thyroid  ligament  forms  an  important  relation 
when  the  posterior  parathyroid  is  overlappeil  by  the  lateral 
thyroid  lobe.  In  such  cases  the  parathyroid  is  never  found  in 
front  of  the  ligament,  but  invariably  behind  and  external  to  it, 
often  actually  lying  on  its  posterior  surface  (cf.  fig.  1  and  fig  2, 
ft).  This  ligament  is  very  constantly  present,  and  passes  from 
the  tracheal  surface  of  the  lateral  lobe,  about  an  inch  in  front 
of  its  posterior  margin,  upwards,  backwards,  and  inwards,  to 
be  attached  to  the  lower  edge  of  the  cricoid  cartilage  and  the 
first  ring  of  the  trachea. 

^  (8)  There  is  sometimes  an  interesting  relntion  between  the 
parathyroid  and  accessory  thyroid  glands.  By  the  latter  term 
is  understood  detached  nodules  of  thyroid  tissue,  which  retain  all 
the  morphological  characters,  and  probably  also  share  in  the 
function  of  the  main  gland.  One  of  the  positions  in  which  they 
are  comparatively  common  is  in  the  region  of  the  posterior 
parathyroid,  and  it  occasionally  happens  that  both  the  accessory 
thyroid  and  the  parathyroid  are  enclosed  in  the  same  capsule, 
but  in  every  such  case  the  different  glandular  tissues  are  com< 
VOL.  xxxn.  (n.s.  vol  xil)  2  c 
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pletely  separated  by  a  distiuct  fibrous  septum.  Tliere  is  never 
any  continuity  of  tissue,  nor  any  evidence  of  the  transformation 
of  parathyroid  into  accessory  thyroid  tissue. 

An  intermediate  condition  is  sometimes  met  where  a  piece  of 
thyroid  tissue  is  only  partially  detached  from  the  main  gland 
and  remains  continuous  with  its  posterior  margin  by  a  narrow 
isthmus.  The  parathyroid  may  then  be  included  in  the  capsule 
of  the  projecting  mass  of  thyroid  tissue,  but  is  never  continuous 
with  it 

(9)  Lobules  of  adipose  tissue  are  often  intimately  related  to 
the  parathyroids  ;  for  not  only  are  they  frequently  encapsuled 
together,  but  islets  of  fat  cells  are  very  commonly  found  between 
the  masses  of  epithelial  cells  in  the  gland  itself.  In  every  case, 
however,  the  gland  tissue  is  partitioned  off  by  a  secondary  capsule 
of  its  own  within  the  common  fibrous  envelope.  The  fact  that 
the  parathyroid  may  be  thus  bound  up  with  a  lobule  of  adipose 
tissue,  and  the  fact  that,  owing  to  the  infiltration  of  the  gland 
with  fat  cells,  its  colour  may  be  distinctly  yellowish,  often  make 
its  recognition  a  matter  of  extreme  difficulty,  and  so  add  another 
to  the  many  reasons  why  it  should  sometimes  elude  observation. 

II.  The  anterior  inferior  parathyroids  have  a  much  more  in- 
constant position  and  more  indefinite  relations.  They  are 
accordingly  more  easily  overlooked  than  the  corresponding 
superior  pair.  In  the  majority  of  cases,  however,  they  occur  in 
one  or  other  of  two  positions,  which  may  be  roughly  distin- 
guished relatively  to  the  thyroid  and  trachea,  as  (1)  postero- 
lateral and  (2)  antero-lateral.  Although  within  the  limits  of 
these  positions  considerable  variations  are  met,  yet  there  is 
always  a  certain  rude  symmetry  in  their  arrangement,  for  they 
are  usually  either  both  postero-lateral  or  both  antero-lateral, 
so  that  either  both  are  found  on  dissecting  the  thyroid  and 
trachea  from  behind,  or  both  are  found  in  front.  A  reference  to 
the  outline  drawings  illustrative  of  their  positions  will  make 
this  clear  (c/*.  fig.  2,  a,  J,  d,  and/). 

(1)  When  they  occupy  the  postero-lateral  position,  they  are 
found  either  closely  applied  to  the  thyroid  or  at  a  variable 
distance  below  it.  (a)  In  the  former  case  they  are  usually 
applied  to  the  lower  edge  of  the  lateral  thyroid  lobe  just  in 
front  of  its  junction  with  the  posterior  margin,  and  frequently 
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slightly  overlapped  by  it  In  this  position  they  come  into  re- 
lation with  the  inferior  thyroid  artery,  on  the  first  thyroid 
branch  of  which  they  usually  rest.  They  lie  thus  in  front  of 
the  artery  and  recurrent  laryngeal  nerve,  and  are  separated  by 
these  structures  from  the  posterior  superior  parathyroids. 
Having  their  flat  surface  in  close  apposition  to  the  inferior 
thyroid  margin,  they  often  lie  obliquely  with  their  long  axis 
running  from  above  downwards,  forwards,  and  outwards.  From 
the  trachea  they  are  separated  only  by  areolar  and  fatty  tissue, 
and  are  placed  on  the  postero-Iateral  aspect  of  the  third  or  fourth 
ring.  They  do  not,  as  a  rule,  in  this  position  come  into  direct 
relation  with  the  oesophagus,  (b)  In  the  latter  case  they  may 
be  placed  immediately  below  the  thyroid,  and  sometimes  de- 
pendent from  it  by  a  short  stalk,  or  they  may  occur  at  consider- 
able distances  from  it,  and  entirely  unconnected  with  it.  In 
exceptional  instances  they  are  found  as  low  as  the  eighth  tracheal 
ring,  and  may  come  into  relation  with  the  side  of  the  oesophagus 
{vide  fig.  2,  a  and  b). 

(2)  When  they  occupy  the  antero-lateral  position,  they  are 
usually  placed  at  some  distance  below  the  thyroid ;  more  rarely 
are  they  closely  applied  to  its  lower  margin.  They  are  often 
found  in  the  immediate  proximity  of  one  of  the  inferior  thyroid 
veins,  and  imbedded  along  with  other  glandular  bodies  in  a  small 
mass  of  areolar  and  adipose  tissue  on  the  front  of  the  side  of  the 
trachea.  They  may  occur  at  widely  different  levels,  aud  some- 
times as  low  as  the  tenth  tracheal  ring.  Their  long  axis  lies 
more  often  oblique  than  parallel  to  that  of  the  trachea  (cf,  fig.  2, 
d  and/). 

Vascular  Supply. 

The  vascular  supply  of  the  parathyroids  was  investigated  (1) 
by  ordinary  dissection  ;  (2)  by  microscopic  examination  of  trans- 
verse and  longitudinal  sections  of  the  glands ;  (3)  by  injection  of 
the  inferior  thyroid  artery  in  the  adult,  and  of  the  aorta  in  the 
human  foetus.  As  a  result  of  these  various  methods,  the  follow- 
ing conclusions  were  reached : — 

The  arterial  blood  is  supplied  directly  or  indirectly  by  the 
inferior  thyroid  artery.  This  is  invariably  the  case  with  the 
posterior  superior  parathyroid,  and  nearly  always  the  case  with 
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theaiiterior  iiiferior  gland  also.  When  tKe  latter  occupies  an 
aberrant  position,  however,  it  appears  to  derive  its  blood  supply 
indifferently  from  the  nearest  arterial  sourcel  By  ordinary 
dissection,  a  small  twig  from  one  pi  the  thyroid  branches  of  the 
inferior  thyroid  artery  can  usually  be  traced  into  the  parathy- 
roid ;  and  by  injection  of  the  inferior  thyroid  artery  on  one 
side,  the  panithyroids  of  that  aide,  along  with  adjacent  portions 


Xc  I. — Transverse  section  of  human  parathyroid  to 
vein,  and  also  islets  of  adipoaa  tissue  along  the  cc 
braiialics.      x  50  diam. 

of   the   thyroid,   and   the  corresponding  halves  of  the  trachea, 
oesophi^us,  etc.,  will  also  be  injected. 

Only  one  artery,  as  a  rule,  enters  each  partithyroid,  usually  at 
its  more  tapering  extremity.  It  then  runs  parallel  to  the  long 
axis  of  thegtaiid,  and,  on  transverse  section,  is  found  to  occupy 
a  more  or  less  central  position.  From  the  central  artery  lateral 
branches  are  given  off  at  frequent  intervals  along  its  course. 
They  do  not  pa^  off  at  right  angles  to  it,  but  radiate  obliquely, 
being  directed  towards  the  broader  extremity  of  the  gland. 
Hence,  in  transverse  sections,  they  too  are  cut  somewhat  trans- 
Tersely  ;  their  course  is  best  seen  in  longitudinal  sectlond  of  the 
glind.  ,     '■    .' 
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'  The  venous  return,  is  effected  in  two  ways :  (1)  By  venous 
branches  accompauyinglthe  arteries/and  opening  into  a  central 
channel,  which  runs  alongside  the  central  artery,  and  emerges 
with  it.  The  veins  into  which  these  vessels  diiacharge  vary 
according  to  the  position  of  the  parathyroid.  Thus,  they  may 
commuuieate  with  adjacent  thyroid  veins,  or  they  may  join  the 
venous  branches  on  the  surface  of  the  thyroid.  (2)  Numerous 
venous  channels  lie  immediately  underneath  the  capsule  of  the 
parathyroid,  and  form  the  delicate  rieticuliim,  which  is  a 
character  of  the  naked-eye  appearance  of  the  gland.  Micro- 
scopically, they  may  appear  as  dilated,  thin-walled  sinuses. 
They  do  not  seem  to  have  any  constant  course,  but  empty  into 
cesophageal,  tracheal,  or  thyroidal  veins  indifferently. 

Histology, 

The  minute  anatomy  of  the  human  parathyroid  presents 
many  remarkable  features,  some  of  which  have  never  pre- 
viously been  put  on  record.  The  tissues  examined  were  all 
taken  from  the  post-mortem  room ;  and  though  an  eudeavaur  was 
made  to  fix  them  in  as  fresh  a  condition  as  possible,  yet  the 
possibility  of  post-mortem  changes  must  always  be  kept  in  view. 
Hence,  minute  histological  details  will  not  be  discussed,  and 
only  a  brief  account  will  be  given  of  some  of  the  more  salient 
points  in  the  structure  and  disposition  of  the  gland  cells. 

The  parathyroids  are  essentially  epithelial  structures,  which 
in  some  respects  bear  a  close  resemblance  to  other  epithelial 
organs,  such,  for  example,  as  the  adrenal,  the  anterior  pituitary 
lobe,  and  the  embryonic  thyroid,  but  which  are,  on  the  whole, 
strikingly  and  characteristically  different.  The  epithelial  cells 
of  which  they  are  composed  may  belong  to  one  or  other  of  two 
distinct  varieties.  I.  Cells  \\^bich  have  a  relatively  small  and 
clear  protoplasmic  body,  and  a  relatively  large  and  clear  nucleus. 
These  cells  constitute  the  greater  part  of  the  gland  tissue,  and 
are  constantly  present  iij  every  case.  For  convenience  they 
will  be  referred  to  as  the  *  principal  cells/  IT.  Cells  which 
have  a  relatively  large  and  usually  granular  protoplasmic  body, 
and  a  relatively  small  and  dark  nucleus.  They  occur  in  a  very 
large  proportion  of  cases,  though  not  in  all,  and  are  never  so 
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abuudautlj  present  as  the  former  vafietj.  As  the  granules  of 
the  cell  protoplasm  are  highly  oxyphile,  these  cells  will  be 
designated  the  '  oxyphile  cells/ 

I.  The  Principal  Cells. — Although  ihej  conform  to  the  brief 
description  given  above,  they  may  show  considerable  variation 
both  in  the  details  of  their  structare  and,  more  particularly,  in 
their  arrangement  within  the  gland. 

.  In  their  structure  the  chief  variations  occur  in  the  size  and 
shape  of  the  individual  cells>  in  the  intensity  of  staining  of  the 
cell  protoplasm,  in  the  size  and  shape  of  the  nucleus,  and  in 
the  disposition  of  its  chromatin.  These  differences  are  usually 
correlated  with  differences  in  the  arrangement  of  the  cells,  and 
will  be  noted  along  with  the  description  of  the  latter.  The  cell 
protoplasm  may  appear  absolutely  clear  and  hyaline,  but  more 
frequently  it  takes  up  a  diffuse  stain  of  varying  degrees  of 
intensity.  It  may  be  stated,  however,  that  no  matter  how 
deeply  the  cell  protoplasm  may  stain,  there  is  almost  never  any 
distinct  granularity,  and  that,  in  the  exceptional  instances  in 
which  it  is  present,  the  granules  are  exceedingly  fine,  and  take 
only  basic  dyes.  The  nucleus  is  usually  ovoid,  and  shows  a 
distinct  nuclear  membrane  and  intra-nuclear  network ;  it  is  in 
many  cases  very  similar  to  that  of  the  epithelial  cells  of  the 
thyroid. 

In  regard  to  their  arrangement,  at  least  four  types  may  be 
noted  according  to  which  they  may  be  disposed.  It  is  com- 
paratively rare,  however,  to  find  a  parathyroid  whose  cells  have 
only  one  type  of  arrangement  throughout.  It  much  more 
commonly  happens  that  several  different  types  coexist  in  the 
same  gland. 

Type  (1). — ^The  principal  cells  may  form  a  uniform  mass, 
practically  continuous  in  every  direction.  Throughout  consider- 
able areas  of  such  a  mass,  no  intercellular  stroma  can  b^ 
detected,  and  the  cell  walls  are  everywhere  in  direct  apposition. 
The  cell  outlines  are  irregularly  polyhedral,  but  contiguous 
cells  vary  greatly  in  size  and  shape.  At  infrequent  intervals 
the  continuity  of  the  mass  is  inteiTupted  by  delicate  strands  of 
cellular  connective  tissue,  carrying  a  small  blood-vessel  or 
capillary,  but,  on  the  whole,  this  arrangement  is  characterised 
by  a  very  slight  degree  of  vascularity.     It  is  wlien  the  principal 
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cella  haT«  this  diBposition  that  the  cell  protoplasm  is  most 
frequently  hyaline  or  most  faintly  stained.  In  some  cases, 
indeed,  the  protoplasm  does  not  take  oa  any  appreciable  stain, 
and  the  cell  appears  to  consist  merely  of  a  cell  envelope  and  a 
Qucleos,  which  is  often  eccentrically  placed. 

Type  (2). — The  cells  may  be  arranged  in  the  form  of  masses, 
which,  though  contianons  in  ereiy  direction  throaghont  small 
areas,   show  a  greater  tendency   to  becpme   broken  up  iiitp 


X  200  diam. 

anastomosing  columns  or  cell  trabeculfe,  between  which  are 
found  cspillariee  and  small  blood-vessels  in  a  fine  connective- 
tissue  stroma.  This  disposition  lepreseuts  a  stc^e  in  the  sub- 
division of  the  epithelial  elements  more  advanced  than  in  the 
first  type.  The  cell  protoplasm  is  somewhat  more  deeply 
stained,  the  cell  outlines  usually  more  rounded,  and  the  whole 
cell  apparently  smaller  than  in  the  preceding. 

Type  (3). — The  cells  may  form  distinct  btanching  columns, 
sometimes  thick,  sometiniee  slender,  which  on  section  appear  as 
discrete  masses,  closely  resemhling  the  solid  masses  of  epithelial 
cells  in  some  forms  of  cancer.    Thb  type  is  to  be  regarded  m 
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a  Btill '  more  advanced  st^e  of  subdiviaioii.  Between  these 
isolated  masaea  oF  cells  may  be  found  either  a  dehcate  capillary 
reticultim  with  an  esceedingly  fine  fibrillar  stroma,  or  processes 
of  denser  fibrous  tissue  carrying  lai^er  vessels.  The  larger  cell 
masses  may  be  irregularly  subdivided  by  the  penetration  of 
capillaries  from  the  margin  between  the  epithelial  cells.  As  a 
rule,  the  cells  are  fairly  large,  and  have  a  clear,  faintly-staiuiug 
protoplasm.     At  the  periphery  of  the  masses  the  cdJB.are  oftei^ 


No,  3. — Section  ot  tiuman  parathyroid,  showiag  the  principal  calls  arranged 
in  discrete  maseea  seiiai'&ted  bj  a  fine  caiiillaiy  reticuMm.  (Type  3.) 
X  200  diani. 

smaller,  and  their  protoplasm  more  deeply  stained  than  in  the 
centre. 

Type  (4). — The  principal  cells  may  form  definite  acini,  so  that 
the  structure  resembles  setiretiug  gland  tissue.  This  is  the  most 
advanced  stage  of  specialisation  acquired.  The  cells  are  grouped 
in  a  single  layer  round  a  small  circular,  central  lumeu. 
Adjacent  acini  are  often  placed  in  such  direct  contact  that 
only  the  contiguous  cell-walls  mark  the  bouudary  between  them. 
More  commonly  they  are  separated  by  vascular  septa  of  con- 
nective  tissue.       The    epithelial   cells   are   usually   large  and 
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columnar,  or  :at  least  irregularly  elongated.  The  protoplasm 
stoiiie  very  variously,  beiug  sdmetinies  exceedingly  dear  and 
faint,  at  other  times  diirker  with  ve^y  fine  baeiphile  granolationB. 
'Ditfereuces  of  staining  may  occur  in  cells  lying!side  by  si^e  in 
.the  saine  acinus.  The  nuclei;  as  a  rule,  occupy  the  extremity  of 
the  cell  directed  to  tlici.  lumen,  but  they'  may  be  central  or 
peripheral  Tbeecutral  lumen  may.although.rarely,  be  entirely 
free ;  more  UBuaUy  it  is  occupied  by  a  small  globular  uibbb,  whoi>e 


No.  ^.--^ection  of  tiuman  pantlivroid,  EhotrlDfc  aeial  eoDtaininfc  colloid,  and 
lined  by  the  prinoiptl  oelU  (Tjm  4),  sdi]  illustrating  resnahlance  to  tlie 
Ulterior  pitnitsry  Ivbe.     >t  200  diam. 

micro-chemical  reactions  sbow  that  it  consists  of  a  colloidal 
substance.  In  exceptional  cases  the  colloid  forms  a  relatively 
large  masb,  which  distends  the  lumen  and  causes  the  epithelial 
cella  to  acquire  a  low  columnar  or  cubical  shape.  It  is  veFy 
unusual  to  find  more  than  a  small  part  of  the  gland  showing  this 
deinduB  arrangement,  but  it  ia  eKceedingly  common  in  small 
areas.       ".    :  ■  '  '     "y       i 

IL  The  Oxi/phile  Cells. — The'  oxyphile  cells  have  a  very 
characteristic  aud  constant  rtnicture.  The  cell  body  is,  on  the 
whole,  larger  than  the  principal,  cells,  and  its  protoplasm  shows 
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a  distinct  fine  granalBtion.  The  grannies  are  highly  oxjrphile, 
and  readily  take  np  eoeine  and  other  acid  dyea.  They  show  a 
striking  resemblance  to  the  grannies  in  the  «rytbrophile  cells  (rf 
the  pituitary  body,  which  are  also  highly  eosinophilic.  Some- 
times a  fine  vacuolation  ot  the  cell  protoplasm  is  also  met  witli. 
The  nucleus  is  both  relatively  and  absolutely  smaller  than  thte 
nucleus  of  th«  hyaline  cell.  In  ovtline  it  ie  more  nearly  circnlar. 
Its  chromatin  is  more  densely  arranged,  so  that  no  nuclear  neb- 


No,  S.—HuDun  p&Mthyrojd,  showing  cotnfHCt  mua  of  grannUr  oxyphUe  colls 
b«nuth  the  cajimila.  (Typo  1.)  Cantnat  With  »dJM«nt  biiot  of  princiut 
cells.      X  200  dutm. 

Work  can  be  detected,  and  the  ehtire  nuclear  mass  appears 
uniformly  and  darkly  stained. 

In  their  arrai^ment  they  may  show  font  different  types,  but, 
uulike  the  principal  cells,  th«r  structure  remains  practically 
constant  throughout 

Type  (1).  The  cells  form  a  nnifofm  mass  conttnaons  in  all 
directions  and  only  very  exceptionally  interrupted  at  any  part 
by  eonnectira  tissue  or  ca]Hllaries.  Sueh  masses  may  occur  in 
small  islets  scattered  irr^ulariy  throughout  the  gland  tissue. 
Very  commonly  they  are  foimd  immediately  beneath  the  c(^ul«. 
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Fonning  a  somewhat  wedge-shaped  area,  whose  broad  end  abuts 
on  the  capsule.  Where  they  are  not  in  contact  with  the  capsule/ 
the  cells  forming  the  margins  of  these  islets  are  direcUy  con-* 
tinuoos  with  the  adjacent  principal  cells,  but  they  tend  to 
preserve  an  uninterrupted  and  abrupt  line  of  demarcation,  and 
seldom  become  mixed  with  the  other  cells. 

Type  {2). — The  cells  tend    to    be   arranged  in  continuous 
anastomosing  columns,  between  which  connective  tissne  septa 


and  capillary  channels  are  found.  The  columns  do  not,  ns  a 
rule,  terminate  abruptly,  but  first  include  a  few  of  the  principal 
cells  in  their  course,  then  appear  only  as  scattered  granular  cells 
among  the  others,  and  finally  cease. 

Type  (3). — The  granular  cells  occur  irregularly  scattered  among 
the  principal  cells,  either  singly  or  in  groups  of  three  or  four, 
without  de6aite  arrangement  They  simply  form  constituent 
elements  of  the  formation  adopted  by  the  principal  cells  among 
which  they  lie.  This  condition  occurs  not  uncommoidy  in  glands 
■which  show  no  other  sign  of  the  presence  of  oxyphile  cells. 

Type  (4) — The  cells  may  form  definite  acini,  the  lumen  being 
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occupied  by  a  mass  ol  cplldid- material.'  As  compared  with  tM 
correspoudiug  arrangement  of  the  principal,  cells,  however,  tbia 
is  a  very  exceptional  condition.  '.-    i^ 

As  alrec^  mentioned,  the  granular  oxyphile  cells  may  not  be 
present  at  all ;  and  even  when  they  do  occnr,  they  n^ver  con- 
stitute more  than  a  small  proportion  of  the  total  epithelial 
tissue.  ■    '  ' 

The  Capsule .  and.  Connective  Tiasue,*-^*^^  parathyroid  is 
invariably  completely  invested  by  a  capsule  of  fully  formed 
fibrous  tissue.  Frequently  the  parathyroid  is  included  in  the 
same  fibrous  euvifelope  ^along  with  a  lobule  of  ^adipose  tissue,  an 
accessory  thyrdid  gland,  or  the  thyroid  itself.  *  In  such  cases, 
however,  the  fibrous  lameYlse  of  the  larger  envelope  split  at  the 
margin  of  the  parathyroid  and  enclose  the  gland  between  the 
two  layers,  so  that  its  tissue  is  never  continuous  with  that  of 
any  other  structure.  From  the  deep  surface  of  the  capsule 
fibrous  septa  may  be  given  off,  which  penetrate  the  gland,  and 
produce  an  irregular  lobule  formation.  This  subdivision  into 
lobules  is  rarely  well  marked ;  more  frequently,  only  rough 
indications  of  lobules  are  seen.  It  is  quite  independent  of  the 
type  of  cell  arrangement.  Septa  of  dense  fibrous  tissue  are  also 
found  alongside  the  larger  vessels  in  the  gland.  As  the  vessels 
become  smaller,  the  fibrous  tissue  either  becomes  more  cellular, 
or  is  replaced  by  delicate  fibrils  of  connective  tissue.  The 
ultimate  ramifications  depend  upon  the  special  arrangement  of 
the  epithelial  cells,  and  have  ali-eady  been  indicated.  Reference 
has  also  been  made  to  the  very  frequent  occurrence  of  isolated 
clusters  of  fat  cells  on  the  course  of  the  septa  within  the  gland. 

1 

TheStaIkorIhid4ikel^roce$8bfthe\I^ratfii/rM 

The  occasional  occurrence  in  ^paan  -of  ai^  attenuated  process 
along  which  the  vessels  may.enier^and  leave  ihe ^parathyroid  has 
already  been  noticed.  lu ;appe^j;a^ce  it  jpftqi^  suggests  a  duct, 
but,  on  examining  cross-sections  ,pt  various  iiitervals,  I  have 
never  been  able  to  find  any  trace  -of  such,  a  structure,  although 
the  gland  tissue  may  be  proloi^ged  \q)on  it  for  some  distanea 
Tlie  only  histological  indication  of  a  dpct  in  man  was  met  iij 
sections, of  a  Jarrge  poratbvroid,  in  which 'a  few  large  spaces  were 


No.  8. — TmniTerae  nectian  through  front  of  neck  of  shefp  ombrj-o  Cfl-5  cra.)- 
Tha  Inmen  of  the  tiachra  U  Been  in  the  upper  part  of  the  field  ;  that  of  tlie 
(Bsophftgns  b«low  it  The  large  mass  of  the  thyroid  is  seen  on  each  ud*, 
and  on  the  left  of  the  field,  between  the  thyroid  and  cESOphagus,  ■  parathjroicl 
it  leeB,  iharpl J  inarked  off  fVom  tlie  thjroid.  'The  oorreapon ding  atntctuiD 
on  the  right  does  not  appear  in  Che  section.  A  Bmall  nodule  of  thymua 
tinoe  is  seen  on  each  sidebilwoen  the  thyroid  lofie  and  the -carotid  artery. 
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found  lying  jvifit  outside  the  gland  tifisue.  These  spaces  were 
lined  by  cubical  epithelium,  and  were  filled  with  colloid  matter 
of  different  degrees. of  density. 

In  theX)x,  however,  the  parathyroid  has  almost  invariably  a  very 
distinct/Stalk  by  which  it  is  attached  to  the  tracheal  surface  of 
the  thyroid.  Along  this  stalk  the  gland  tissue  is  prolonged  for  a 
short  distance,  as  in  the  human  subject ;  but  beyond  this  a  more 
definite  duct-like  structure  can  be  found.  The  solid  formation 
of  polygonal  cells  becomes  replaced  by  a  series  of  hollow  channels 
lined  by  cubical  or  low  columnar  epithelium,  and  often  containing 
colloidal  matter.  This  appearance  may  be  seen  in  transverse 
sections  of  the  stalk,  at  any  point  between  the  termination  of 
the  gland  tissue  proper  and  its  junction  with  the  thyroid.  In 
the  stalk  the  duct-like  spaces  are  always  multiple :  even  close  to 
the  thyroid  they  do  not  appear  to  coalesce  to  form  a  single 
channel.  I  have  not  been  able  satisfactorily  to  determine  their 
mode  of  union  with  the  thyroid,  on  account  of  the  dense  bed  of 
fibrous  tissue  through  which  they  finally  pass ;  but  the  stalk  can 
often  be  traced  quitereadily  into  the  connective  tissue  between 
the  lobules  of  thyroid  substance. 

Comparison  with  other  Organs. 

I.  The /anterior  lobe  of  the  pituitary  body  bears  a  close  resem- 
blance in  some  of  its  structural  features  to  the  parathyroid 
glands. 

(1)  In  both  there  occur  two  kinds  of  cells,  the  one  characterised 
by  a  homogeneous  diffusely  staining  protoplasm  and  a  relatively 
large  pale  nucleus,  the  other  by  a  relatively  small  dark  nucleus 
and  an  oxyphilic  granulation  of  its  protoplasm. 

(2)  In  both  there  may  occur  acini,  whose  lumina  may  be 
occupied  by  small  lobules  of  colloid  substance,  or,  more  sparsely, 
larger  spaces  containing  larger  masses  of  colloid. 

II.  The  structure  of  embryonic  thyroid  tissue  has  little  in 
common  with  that  of  the  parathyroid. 

.  (1)  From  the  account  of  the  adult  parathyroid  already  given, 
it  is  obvious  that  the  majority  of  the  appearances  there  described 
do  not  correspond  to  any  condition  met  in  the  embryonic 
thyroid  at  any  stage  of  its  development. 


COMCERNIHQ   TBI  FAJtATHYEOm  GLAXDS. 


WD  DB-D.  A.  WELSH.  ' 

(2)  The  structure  of  the  parathyroid  becomes  diflferentiated 
from  that  of  the  thjrroid  at  a  very  early  period  of  developmcut, 
practically  as  soon  as  the  structure  of  the  thymus  is  thus 
differentiated;  and  when,  from  this  period  onward,  the  em- 
bryonic parathyroid  is  compared  with  the  embryonic  thyroid  of 
the  same  stage,  a  striking  dissimilarity  is  apparent. 

I  do  not  consider  that  the  tissue  of  the  parathyroid  is 
essentially  the  same  as  that  of  the  thyroid,  in  the  sense,  for 
example,  that  accessory  thyroids  are  essentially  the  same  as 
the  main  gland.  I  do  not  even  regard  the  parathyroid  as 
bearing  any  more  intimate  genetic  relation  to  the  thyroid  than, 
for  example,  the  thymus  does.  Nor  have  I  ever  met  any 
evidence  that  the  parathyroid  can  morphologically  develop  into 
thyroid  tissue. 

I  have  much  pleasure  in  recording  my  special  indebtedness 
to  Professor  Greenfield,  in  whose  laboratory  this  investigation 
was  conducted;  and  in  acknowledging  the  kindness  of  Dr 
Oloustou,  who  permitted  me  to  make  use  of  specimens  from 
the  Eoyal  Edinburgh  Asylum.  I  have  to  express  my  thanks 
for  opportunities  for  collecting  material  to  both  the  Pathologists 
of  the  Eoyal  Edinburgh  Infirmary,  and  I  have  to  acknowledge 
similar  assistance  from  many  other  sources.  My  thanks  are 
also  very  specially  due  to  Dr  W.  F.  Robertson,  who  was  the 
first  to  bring  the  subject  of  the  parathyroid  glands  under  my 
notice;  and  to  Mr  Bichard  Muir  for  the  excellent  micro- 
photographs  and  sketches  he  has  prepared  in  illustration  of 
this  work. 


EXPLANATION  OF  PLATE  VIL 

Fig.  1.  Diagrammatic  representation  of  a  transverse  section  through 
the  front  of  the  neck  at  the  level  of  the  lower  border  of  the  cricoiil 
cnrtilage,  to  illvwtrat^'*the  relations  of  the  posterior  superior  parathy- 
roids on  the  right  to  the  prevertebral  fascia,  etc.,  on  the  left  to  the 
lateral  thyroid  ligament. 

The  lateral  thyroid  lobes,  tlie  trachea,  oesophagus,  and  part  of  a 
vertebral  body,  arp  easily  identified ;  ptliei;  structures,  ar^,  indicated  by 
letters.       "  '  -       . 
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«r.  Latorftl  thyroid  ligament. 

b.  Posterior  superior  parathyroid. 

c  Carotid  sheath. 

d.  Prevertebral  fascia. 

e.  Recurrent  laryngeal  nerve. 
/  Inferior  thyroid  artery. 

Fig.  2.  Outline  sketches,  reduced  from  actual  dissections,  to  illustrate 
possible  positions  of  the  parathyroids. 

a  and  b  represent  posterior  views  of  two  different  cases. 
e  and  d  represent  the  posterior  and  anterior  views  respectively  in  a 
third  case. 

€  and/  represent  corresponding  views  in  a  fourth  case. 
Further  description  will  be  found  in  the  text 


Part  IIL 

An  Experimental  Study  of  the  Parathyroid 

Glands  of  the  Cat.^ 

Summary  of  Eosperiments. 

First  Serws, — Bemoval  or  destruction  of  all  the  four  parathy- 
roids without  renaoval  of  the  thyroid;  three  operations  (one 
doubtful). 

No.  1. — Acute  symptoms  ;  died  within  five  days. 

No.  2. — Very  severe  symptoms ;  died  within  four  days. 

Na  3. — (Doubtful)  delayed  symptoms;  died  within  twenty- 
one  days. 

Second  Series, — Eemoval  or  destruction  of  less  than  four  para- 
thyroids without  removal  of  the  thyroid ;  four  operations. 

No.  4. — Eemoval  of  three  parathyroids ;  acute  symptoms  for 
ten  days,  recovery ;  no  subsequent  symptoms ;  killed  after  four 
months. 

No.  5. — Removal  of  three  parathyroids  ;  no  symptoms;  killed 
after  five  mouth& 

No.  6. — ^Removal  of  three  parathyroids;  no  symptoms;  killed 
after  two  months. 

^  A  more  detailed  account  of  these  experiments  will  be  found  in  the  Journal 
of  Pathology  ajid  BacUriology,  1S9S, 

VOL.  xxxn,  (n.s.  vol.  xii.)  2  d 
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No.  7. — Destruction  of  two  parathyroids ;  no  symptoms  pkilled 
after  five  and  a  half  months.     ' 

Third  Series. — Eemoval  of  the  thyroid  and  some  of  the  para- 
thyroids, the  remaining  parathyroids  being  retained; 'three 
operations. 

No.  8. — Retention  of  one  parathyroid;  acute  symptoms;  died 
within  six  days.  ^ 

No.  9. — 'Retiention  of  two  parathyroids ;  no  symptoms ;  killed 
after  ohe  month. 

No.  10. — Eetention  of  two  parathyroids;  no  symptoms;  killed 
after  three  and  a  half  months. 

Fourth  Series. — Eemoval  of  the  thyroid  and  all  the  four  para- 
thyroids together ;  mouth  administration  of  fresh  ox  parathyroid  ; 
two  operations. 

No.  11. — Severe  symptoms,  in  spite  of  relatively  enormous 
doses ;  died  in  eleven  days. 

No.  12. — Died  of  acute  bronchitis  in  three  days. 

CondtisioTis. 

1.  Eemoval  of  all  the  four  parathyroids  in  the  cat  may  cause 
acute  and  severe  symptoms,  with  a  rapidly  fatal  issue,  even 
though  the  thyroid  be  retained  practically  uninjured. 

2.  Eemoval  of  three  parathyroids  alone  may  not  lead  to  death, 
but  may  cause  transient  symptoms,  similar  to  those  which 
result  from  removal  of  all  the  glandules ;  loss  of  two  parathy- 
roids alone  may  not  produce  any  appreciable  change. 

3.  Eemoval  of  the  thyroid  and  some  of  the  parathyroids  may 
lead  to  death  with  acute  symptoms  if  only  one  parathyroid  is 
left,  but  may  not  induce  any  obvious  derangement  if  tw^o  para- 
thyroids are  retained, — at  least,  not  for  several  months. 

4.  Mouth  administration  of  the  fresh  parathyroid  of  the  ox 
may  have  no  effect,  either  in  mitigating  the  symptoms,  or  in 
averting  death  after  removal  of  the  thyroid  and  parathyroids 
together. 
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THE  CAUDAL  LIMIT  OF  THE  LUMBAR  VISCERAL 
EFFERENT  NERVES  IN  MAN.^  By  N.  Bishop 
Hahman,  B.A.,  M.B.>  M.R.C.S.,  St  John's  College,  Cambridge, 
Demonstrator  of  Anaiomy,  Cambridge  University. 

1.  The  Lumbar  Visceral  Nerves  in  Lower  Animals. 

Thjs  first  marked  advance  towards  the  elucidation  of  the  arrange- 
ments and  functions  of  the  sympathetic  nervous  system  was  made 
in  the  work  published  by  Gaskell  (1)  in  1888,  entitled,  "The 
structure  and  function  of  visceral  nerves." 

In  1842  Bidder  and  Volkmann  (2)  had  made  the  generalisation 
that  the  sympathetic  system  was  characterised  by  a  predominat- 
ing presence  in  its  strands  of  bundles  of  fine  medullated  fibres,  of 
very  much  smaller  size  than  the  large  medullated  fibres  of  the 
posterior  roots,  and  therefore  still  smaller  than  the  large  motor 
fibres  of  the  anterior  roots. 

There  was  some  idea  that  these  small  medullated  fibres  were 
derived  from  the  central  nervous  axis,  for  in  1846  Snow  Beck  (3) 
writes: — "I  am  convinced  that  the  tubular  fibres  are  derived 
from  the  spinal  nerves,  and  not  from  the  sympathetic  chain " ; 
but  he  knew  nothing  of  the  relation  of  white  and  grey  fibres. 
Onodi  (4)  in  1884  showed  the  connections  of  the  white  fibres,  and 
gave  a  general  scheme  of  their  distribution. 

From  amongst  the  many  conclusions  and  suggestions  of 
GaskelFs  paper  (1),  I  would  here  summarise  three  anatomical 
points,  as  being  relevant  to  this  research : — 

1.  That  small  white  fibres  are  the  essential  part  of  the  white 
ramus  communicans 

2.  That  these  white  fibres  are  of  characteristic  small  size  (1*8  jul 
to  2.7  jj)  and  bundle  formation. 

3.  That  the  range  of  the  outflow  from  the  central  axis  is  from 
the  10th  to  the  25th  spinal  nei-ves  of  the  dog  (2nd  thoracic  to 
2nd  lumbar)  inclusive. 

^  A  thesis  for  the  degree  of  M.B. 
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Gaskell  also  noted  in  the  rami  the  presence  of  large  medullated 
fibres  of  the  size  of  8  to  12  /x.  On  these  Edgeworth  (5)  worked,  and 
showed  that  they  were  not  connected  with  the  sympathetic  ganglia, 
but  that  they  terminated  in  Pacinian  bodies;  also  iha,t  their 
trophic  cells  were  probably  situated  in  the  posterior  root  ganglia, 
that  is,  that  they  were  sensory  fibres.  Edgeworth  appears  to 
have  believed  the  distribution  of  these  sensory  fibres  was  limited 
to  the  range  of  small  white  efferent  fibres  (10th  to  25th  nerves) ; 
Langley  (6),  however,  showed  that  such  fibres  extended  below  the 
2nd  lumbar,  and  that  other  smaller  white  fibres  of  afferent 
function  could  be  found  scattered  amongst  the  grey  fibres. 

The  presence,  thei-efore,  of  a  few  scattered  white  fibres  in  a 
ramus  otherwise  grey,  does  not  constitute  that  ramus  a  white 
ramus. 

The  efferent  function  of  the  small  white  fibres  which  make  up 
the  white  rami,  though  partially  indicated  by  Snow  Beck, 
Remak,  and  Bernard,  may  be  considered  to  have  been  established 
by  Graskell  (7)  in  his  earKer  work  on  the  cardiac  nerves  of  the 
tortoise.  It  has  since  been  fully  established  by  Langley, 
Dickenson,  and  Anderson,  by  experimental  methods  and  with  the 
aid  of  nicotine. 

2.  T?ie  lAmbar  Visceral  Nerves  in  Man. 

As  regards  the  outflow  of  these  nerves  in  the  human  subject, 
our  knowledge  does  not  extend  so  far. 

Experimental  methods  are,  of  course, impracticable;  observations 
derived  from  pathological  conditions  are  too  gross  to  be  of  value. 
The  general  similarity  of  the  arrangements  of  the  spinal  or  sym- 
pathetic connections  and  distribution  in  both  man  and  beast  can 
be  seen  by  the  examination  of  the  careful  descriptions  and  draw- 
ings of  the  dissections  of  Snow  Beck  (3),  and  the  later  descrip- 
tions and  plates  of  Frankenhaeuser  (8),  both  from  female  subjects ; 
with  the  plates  by  Langley  and  Anderson  (9)  illustrating  their 
dissections  of  cats.  Also  the  presence  of  the  small  medidlated 
fibres  in  the  anterior  roots  of  spinal  nerves  in  man  was  noted  by 
Gaskell,  and  a  single  dissection  of  the  lumbar  rami  in  man  by 
Latham  is  recorded  by  Langley  (10). 

With  regard  to  the  limits  of  the  offset  from  the  spinal  nerves 
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of  theee  small  fibres,  I  liave  eudesvoured  to  obtain  some  exact 
determination.  The  effort  has  been  made  particularly  in  the 
lumbar  region. 

The  methods  employed  have  been  thos^  of  disaeotion,  staining, 
and  subaequcnt  teasing  of  the  stained  nerves. 


i-hTpatni^rii; 


etttory  abUuMor. 


Fio.  1. — DiawctioD  of  lumbo.sacral  pUiui  from  in  front. 

Several  fresh  full-time  fostusee  were  dissected  immediately  on 
receipt,  at  as  rapid  a  rate  as  possible ;  the  de&ned  lumbar  plexus 
(iDd  sympathetic  cord,  with  tlieir  connections,  having  been  first 
sketched,  were  removed '  en  masse '  and  placed  in  a  1  p.c.  solution 
of  osmic  acid  for  twenty-four  hours ;  from  this  fixing  and  stain- 
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ing  reagent,  they  were  then  transferred  to  30  p.a  alcohol  for 
several  hours,  which  had  the  effect  of  darkening  the  osmic 
staining.  The  sttiined  plexus,  with  its  connections,  was  then 
pinned-out  according  to  the  sketch  of  its  original  position,  and 
its  various  rami  lettered  on  both  the  actual  plexus  and  the 
sketch  by  corresponding  s^s.  A  part  of  each  of  the  rami  was 
then  removed,  its  areolar  sheath  stripped  off  by  needles,  and  its 
fibres  teased  out ;  the  aim  being  to  spread  out  in  regular  rows, 
to  facilitate  microscopic  examination,  and  oounting. 

This  method  of  investigation  was  used,  in  .all,  in  six  cases ; 
which,  from  the  cases  in  which  both  sides  could  be  worked, 
produced  ten  plexusea  The  subjects  used  were  in  four  cases 
full-time  stillborn  fo&ttises;  whilst  the  remaining  two  subjects 
were  from  infants  aged  ten  months  and  two  yeara 

Appended  are  the  drawings  of  the  various  dissections.  To 
each  of  these  is  affixed  an  analytical  table  giving  the  results  of 
the  examination  of  each  ramus ;  and  from  these  analyses  a 
general  table  has  been  prepared  which  states  the  form  of  plexus 
examined,  the  number  of  white  nerves  found  connected  with 
each  spinal  nerve,  and  the  average  number  for  each  spinal  nerve, 
from  nerves  19  to  24  inclusive. 

From  the  follo'wing  table  it  will  be  seen  that  there  is  a 
marked  and  sudden  change  in  the  character  of  the  constituents 
of  the  rami  in  connection  with  the  22nd  and  23rd  spinal  nerves, 
which  nerves  are  in  most  cases  the  2nd  lumbar  and  3rd  lumbar 
respectively. 

The  ramus  of  the  22nd  contains  very  many  medullated  fibres 
which  have  a  characteristic  small  size  (1*3  ;a  to  3/x),  and  which 
are  arranged  in  characteristic  bundles:  these  number  on  the 
average  over  200  fibres;  whilst  the  rami  of  the  23rd  nerves 
contain  but  few  medullated  fibres,  and  these  are  of  a  quite 
different  character,  being  either  of  a  considerably  larger  size,  or 
else  of  a  medium  or  very  small  size,  and  scattered  at  intervals 
throughout  the  mass  of  the  non-medullated  fibres,  in  a  manner 
which  distinguishes  them  froni  the  typical  bundles  of  small  white 
efferent  fibres  of  a  white  ramua 

The  existence  of  similar  white  fibres  in  the  grey  rami  below 
lumbar  II.  of  the  dog  has  been  referred  to  above,  and  the  ex- 
planation of  their  presence  by  Langley  and  Edgeworth  given 
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From  thia  we  mity  eimelude : — 

Thai    tht    eavdal    limit    of   the    lumlar  effereiU    vixeral 

titrves  in  wan  is  at  the  level  of  Ike  22nd  ^nat  Tierve, 

which  tt.e)-ve  ix  usually  the  2iid  lumbar. 

The  anomttlouB   features  Been  ui   foetus   C    are  of   intereBt. 

Here  the  alisence  of  the  XII.  rib  on  each  side  causes  the 


Fib,  a.— Vkw  of  sicro-coccjgt&l  jiltxiisaa  (ant.). 
Bfmntlwtic 

Flo.  3. — ColiDtctions  of  nv.  origetiB  of  right  Bids,  teased  out.      x  5. 

diaphragm  to  receive  an  attachment  to  the  cohimn  one  vertebra 
higher  than  usual ;  this  catises  the  anatomical  thoracic  nerves 
to  cease  at  the  19th  spinal  nerve  or  XI,  thoracic,  which  now  be- 
comes the  subcostal  nerve,  whilst  what  diould  be  the  XII. 
thoracic   nerve   becomes  incorporated   into   the  lumbar  plexus 
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forming  the  I.  lunibar  nerve,  and  giving  rise  to  the  ilio-hypo- 
gastric,  ilio-inguinal,  and  partly  to  the  genito-crural  nerves.  The 
whole  extent  of  column  and  cord  is,  however,  not  shortened,  for 
there  are  six  vertebrae  having  Imnbar  features,  and  the  extra 
pair  of  *  lumbar'  nerves  thus  produced,  as  in  a  normal  plan,  are 
utilised  in  the  plexuses.  The  24th  and  25th — ^here  V.  and  VI. 
himbar  nerves — have  normal  characters  in  their  forming  the 
himbo-sacral  corda  The  extra  nerve  ofij^et  to  the  plexuses  is 
absorbed  by  the  spreading  out  of  the  plexuses,  and  the  produc- 
tion of  extra  nerves  to  the  upper  crural  regions. 

A  question  at  once  arose  as  to  what  effect  this  anomaly  would 
have  upon  the  splanchnic  efferent  offset.  Examination  showed 
that  no  material  variation  was  produced.  The  small  white  fibres 
continued  to  pass  from  the  cord  as  far  as  the  22nd  spinal  nerves 
as  usual,  the  rami  of  the  22nd  nerves  were  typical  white  rami : 
the  only  alteration  that  oould  be  noted  from  an  ordinary  ramus 
of  that  root  was,  that  the  number  of  white  fibres  was  slightly 
below  the  average. 

This  irregularity  shows  the  importance  of  numbering  nerve 
roots  from  the  first  spinal  nerve  downwards,  rather  than  from 
more  or  less  arbitrary  descriptive  marka 

A  banning  was  made  to  pursue  a  like  investigation  into  the 
offset  of  the  pelvic  splanchnics:  only  two  specimens,  however, 
were  worked  out,  and  one  of  these  with  but  poor  results.  The 
single  case  of  use  showed  an  origin  from  the  3rd  and  4th  sacral 
nerves,  and  none  from  the  2nd  or  5th  sacral  (figs.  2  and  3). 

3.  AncUomical  Notes, 

A  few  remarks  may  be  made  here  on  the  general  anatomical 
arrangements  of  the  lumbar  rami  and  ganglia.  Quain  (11)  says, 
''the  ganglia  are  small  .  .  .  commonly  four  are,  but  a  less 
number  may  be,  present.  .  .  .  There  are  generally  two  connect- 
ing branches  to  each  ganglion,  but  the  number  is  not  so  uniform 
as  in  the  chest."  I  found  that  a  typical  or  symmetrical  arrange- 
ment was  the  exception.  On  the  right  side  of  C  (fig.  9)  as  many 
as  eight  ganglia  were  present,  and  the  numerical  arrangement 
of  the  rami  was  even  more  variant ;  four  rami  to  a  ganglion  was 
common ;  in  one  case  five  were  present  (A,  left,  fig.  6) ;  also  the 
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I.  lumbar  nerve  of  the  same  specimen  had  five  rami  in  Connection 
therewith. 

In  one  C€^e  the  gangliated  cord  was  doubled  for  a  short 
distance,  and  two  ganglia  were  found  parallel  to  each  other 
(C,  right,  fig.  9).  The  plexuses  shown  in  fig.  1  approached 
nearest  the  average  arrangement. 

The  relations  of  the  rami  were  usually  as  described  by  Quain  : 
"  they  cross  the  bodies  of  the  vertebrse,  are  covered  by  the  fibrous 
bands  which  give  origin  to  the  muscular  fibres  of  the  psoas,"  but 
in  about  four  cases  the  rami  were  found  to  traverse  the  fleshy 
origin  of  the  psoas,  instead  of  being  beneath  the  fibrous  arches. 

Further,  it  will  be  noted  from  the  comparison  of  figures  and 
analyses  how  mixed  are  the  white  and  grey  fibres  within  the 
efferent  limits ;  that  is  to  say,  one  cannot  speak  of  a  white  ramus 
or  of  a  grey  ramus  as  existing  in  this  region,  but  merely  of  the 
predominance  of  white  or  grey  fibres,  as  the  case  may  be. 

In  concluding,  I  wish  to  state  that  I  am  indebted  to  Professor 
Kanthack  for  his  kindness  in  procuring  me  necessary  material 
for  dissection ;  and  to  Mr  H.  K.  Anderson  for  many  hints  on 
technique,  which  his  long  experience  in  such  matters  rendered 
particularly  useful. 
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The  following  are  the  tracings  of  the  plexuses  described : — 


*a?)5 


■  f ^5 

\ 

N^  -     Snboostal. 

*c.v^^ 

lis 

\    11.  hyp. 
V  11.  lug. 

p 

^^..    (Jen.  crural 

\ 

\._.   Ex.  cut. 

w            n 

\ 

\ Ant.  crui'al 

\\ 

V- 

Obt. 

Nv.  lure 

...    Lumb.-8ac.  od. 


Fig.  4. — '  D,'  9,  st.  2  years  (fragment  from  mortuary),  left  side. 


Analysis. 


Number 

Nerve  Root. 

Ramus. 

of  White 

Description. 

1 

Fibrefl. 
100 

XII.  Th. 

Half  white,  half  grey. 

XII.     „ 

2 

50 

f  grey- 

I.  Lm. 

a 

6 

Almost  all  grey. 

I-    » 

b 

350 

White,  with  many  grey. 

I-    » 

c 

UO 

Only  few  grey. 

IL    „ 

d 

120 

n 

III.     „ 

e 

45 

Very  large  grey  ramus. 

IV.     „ 

f 

50 

»                 » 

IV.     „ 

(f 

20 

Small  grey  ramus. 
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f^p.  nieHntr  pt. 


FlQ,  6,— 'A,'  if,l 


Aualysis. 


ffumber 

. 

Verve  Koot 

Ramus. 

of  White 

Description. 

Fibres. 

1 

XII.  Th. 

^ 

75 

Mostly  white,  ^^  grey. 

I.  Lm. 

b 

25 

Mostly  grey. 

I.    « 

a 

300 

Mostly  white,  few  grey. 

II.    „ 

d 

20 

About  \  white,  t  grey. 

II.    „ 

e 

250 

Very  few  grey. 

III.    „ 

9 

30 

Large  grey  ramus,  few  scattered 
white. 

IV.    „ 

h 

20 

Medium  grey  ramus,  white 
fibres  scattered. 
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Slip.  mes. 


Inf.  nies. 


SnboMtal. 


lUtHhyp^ 
lUo-Ing. 

Oen.  crura]. 
Ext.  cut. 


Ant.  crural. 


Obt. 

Nv.  f urcaL 

Lumb.  sac.  cd. 


Fio.  6.— 'A,*  <J,  52  cm.  long,  left  side. 


Analysis. 


, 

Number 

' 

Nerve  Koot. 

Bamus. 

of  White 

Description. 

Fibres. 

Xn.  Til. 

a 

150 

Very  few  grey. 

XII 

'         99 

b 

200 

99 

I 

,  Lm. 

c 

150 

99 

I 

d 

50 

Half  white,  half  grey. 

I 

e 

100 

Almost  all  white. 

I 

f 

10 

Large  grey  ramus. 

I 

U 

175 

Only  few  grey. 

II 

h 

120 

9) 

II 

• 
J 

25 

Mostly  grey. 

■ 

III. 

k 

20 

Grey  ramus. 

1 

IV. 

m 

45 

9> 

1 

414 
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SttbcotUL 


lUo-hyp. 
lUo-lng.   - 


Gen.-cniral. 


Ext.  cut 

Ant  crural. 

Nv.  f ureal. 

Obt. 

Lttmb.-sac  cord. 


Fw.  7.—'  B/  6,  52  cm.  long,  right  side. 


Analysis. 


j 

Number 

' 

Nerve  Boot. 

Ramus. 

of  White 

Description. 

Fibres. 

1 

XTI.  Th. 

1 

175 

Mixed. 

XII.    „ 

2 

200 

Grey,  few. 

I.  Lm. 

3 

150 

)) 

II.     „ 

4 

50 

i  Grey. 

11.    „ 

5 

120 

Almost  all  white. 

HI.    « 

6 

20 

Grey  ramus. 

IV.    „ 

7 

15 

a 

IV.    „ 

I 

8 

20 

If 
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SabcosUL 


Ilio-hyp. 
Ilio-ing. 

Oen.-cruraL 
Kxt  cut. 


Ant.  crurml. 

Nv.  furcal. 

—     Obt. 


Lumb.-aac.  cord. 

Fig.  8.— 'B/  6 ,  52  cm.  long,  left  side. 


Analysis. 


Xumber 

Nerve  Root. 

1 

Ramus. 

of  White 
Fibres. 

Description. 

1 

XII.  Th. 

1 

50 

About  f  grey. 

XII.    „ 
I.  Lm. 

2 
3 

200 
120 

About  J  grey. 

Half  white,  half  grey. 

I.    ,, 
I.     „ 

4 
5 

150 
180 

Very  few  grey. 

Double  ramus,  each  with  few 

II.     » 
II.     „ 
II.     „ 

6 
7 
8 

90 
50 

50 

grey, 
igrey. 

About  J  grey. 
Half  white,  half  grey. 

III.  ,, 

IV.  „ 

9 
10 

1 

8 
12 

Grey  ramus. 

41« 


*xi, 


Mit.  <lfv,;  Mil. 
cmrBl  la  thlgfo, 

Ant  ervfftl 
IVy.  faroU. 


Fl.i,  9,..'  Cf'  9 1  63  cm.  long,  right  side.     (XII.  rib  abaent,  and  conaeqaeut 

anomalous  plexus.) 

Analysis. 


I 

1 
1 

r 

Number 

iNcrve  Root. 

Ramus. 

of  White 

Description. 

XI,  Th. 

1 

1 

Fibres. 

« 

135 

1                                                                                                             1 

Fow  grey. 

1.  Lm. 

2 

120 

1                                                     1 

I.  „ 

II.  „ 

3 
4 

190 
240 

'                                                      1 
Half  white,  half  grey.            i 

ir.  „ 
11.  .. 

5 
6 

20 
290 

Mostly  grey. 
Almost  all  white. 

III.  ,. 
111.  „ 

7 

8 

50 
30 

\  gJ-ey. 

Small  ramus,  half  grey. 

111.  ,, 

IV.    „ 

9 

10 

40 
31 

Half  grey.                               , 
Grey    ramus,   white   fibres 
scattered. 

V.    „ 
VI.    „ 

11 
12 

12 

•  •  • 

9)                                           >} 

•  *  • 
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-'C  9,  63  otn.  loDg,  laft  side.    (XII.  ribabMat,  •nd  consequent 
•DomtlonB  plexus.) 


AnalyBia 


NemRoot. 

Ramus. 

Nnmtat 
of  White 
Fibra. 

DeBcription. 

XI.  Th. 

XI.     „ 

I.  Lm. 

1 
2 
3 
3<i 

i 

30 
200 
150 
60 
45 

Miinly  RToy. 

Hall  white,  half  grey. 

About  }  grey. 

I-    „ 

Small  ramus,  very  few  grey. 

II.     „ 

5 

if 

Double.     Few  grey  in  each. 

III.    „ 

6 

Small  ramus,  half  white,  hfllf 

III.  „ 

IV.  „ 
IV.    „ 

V.    „ 
VI.     „ 

7 
8 
9 
10 

60 : 

15' 
5 

4 

grey. 
Small  ramue,  about  ^  grey. 
Grey  ramus. 

VOL.  XXXIL  {S-S.  VOL.  XIL) 


MB  H.  BISHOP   BARMAN. 


n.  fafp.,  derlTcd 

from  mboiKUl. 

U.  lug. 

A    ».  j  OSDlUl  DT. 

0-"icni«ln». 


miucia  Co  bf>]aliit. 

Fio.  11.—'  £,'  $ ,  50  am.  loDg,  right  Bids 


Analysia 


Nerve  Boot. 

fiamuB. 

Number 
of  White 
Fibrea. 

Description. 

XlT.Tk 

XII.     „ 

I.  Lm. 

II.     „ 

III.  „ 

IV.  „ 
V.     „ 

1 
2 

b 

c 
d 

100 
75 
200 
300 
15 

18 

Mostly  -white. 
Half  white,  half  grey. 
About  J  grey. 
Very  few  grey. 
Large  grey  ramus. 

Medium  grey  ramus. 
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VlQ.  12.— ■£,'«, 60  0. 


Analysis. 


Number 

Nerve  Eoot. 

Ramus. 

ol  White 
Fibree. 

DescripMoD. 

XII.  Th. 

1 

160 

Mo.Uy  white. 

XII.     „ 

2 

75 

Half  white,  half  giej. 

I.  Lm, 

a 

850 

Very  few  grey. 

I.     ., 

b 

100 

About  J  grey. 

II.    „ 

e 

45 

About  1  grey. 

II.    „ 

d 

120 

Very  few  grey. 

II.    „ 

e 

10 

Large  ramus,  almost  all  grey. 

III.    „ 

/ 

8 

Small  grey  ramus. 

IV.    „ 

h 

12 

Grey  ramus. 
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Gen.  eninL 


Brt.  cut. 


Ant.  cninl. 


Obt. 
lXj,taiotL 


Fig.  is. — '  X,'  9 ,  et.  9/12,  left  aide  (fragment  from  case  reported  Jowmal 

o/AfuU,,  January  1898). 


Analysis. 


Nerve  Root. 


I.  Lm. 
II. 
II. 
III. 


IV. 
IV. 


99 
91 


Eamus. 

Number 

of  White 

Fibres. 

1 
2 
3 
4 

150 
75 

300 
10 

5 

6 

30 
10 

Description. 


Mostly  white. 

Half  white,  half  grey. 

Veiy  few  grey. 

Grey.     White  fibres,  large 

and  scattered. 
Grey. 

I) 
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ON  THE  ANATOMICAL  STRUCTURE  OF  THE  VAGUS 
NERVE.  By  Wakblin  Barratt,  M.D.,  Tedyrdcal  Beseareh 
Scholar  to  the  London  ComUy  Council.    (Plates  VIII.-XII.) 

(From  the  Pathological  Laboratory  of  the  London  Gonnty  Asylums.) 

While  recently  engaged  in  investigating  the  condition  of  the 
vagus  nerve  in  general  paralysis  of  the  insane  and  in  beriberi,  I 
undertook,  at  the  suggestion  of  Dr  Mott,  in  order  to  facilitate 
this  examination,  a  further  investigation  into  the  normal 
anatomy  of  this  nerve,  and  in  this  way  many  facts  were  ascer- 
tained which  have  not,  so  far  as  I  can  discover,  been  hitherto  de- 
scribed. These  details  of  structure  are  of  interest  to  the  j^ysi- 
ologist,  and  a  knowledge  of  them  is  indispensable  when  a  complete 
examination  of  the  vagus  in  pathological  states  is  attempted. 

Ten  vagus  nerves  were  examined  in  their  course  from  the  jugular 
foramen  above  to  the  root  of  the  lung  below.  Transverse  sections 
of  the  nerves  were  made  in  different  situations,  namely,  where  the 
superior  laryngeal  branch  leaves  the  main  trunk,  and  at  various 
points  above  this  level ;  at  the  point  of  divergence  of  the  inferior 
laryngeal,  and  below  this  level ;  as  well  as  at  a  point  between 
these  two  levela  Sketches  of  the  appearances  presented  by  the 
transverse  sections  (figs.  1,  2,  3,  and  4)  were  made  accurately  to 
scale,  and  were  arranged  side  by  side  in  a  descending  series,  for  the 
sake  of  ready  comparison.  Transverse  sections  of  the  laryngeal  and 
other  branches  were  also  made  separately  at  the  above-mentioned 
levels,  in  order  to  check  the  conclusions  arrived  at  as  to  the 
position  of  these  branches  in  the  main  trunk.  In  addition, 
longitudinal  sections  were  made,  corresponding  to  the  transverse 
ones.  Tlie  stains  found  most  useful  were  osmic  acid,  methylene 
blue,  and  safranin.  Immediately  after  death  the  cadavera  were, 
in  accordance  with  the  usual  mortuary  routine,  placed  in  a 
chamber  maintained  at  28''  F.  to  SO""  F.  until  the  post-mortem 
examination  took  place. 

By  a  study  of  transverse  sections  made  as  above  described,  the 
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following  facts  respecting  the  constitution  of  the  vagus  nerve  were; 
elicited  The  vagus  was  found  to  be  made  up  of  bundles  of  nerve-, 
fibres  which  present  the  peculiarity  of  being  repeatedly  rearranged 
as  the  nerve  travels  onward,  so  that  the  appearance  of  transverse 
sections  (cp.  figs.  1  and  2,  C  to  F)  is  constantly  altering,  even 
at  closely  contiguous  levels ;  that  is,  at  levels  which  above  the 
inferior  ganglion  are  oiily  a  few  millimetres  apart,  and  in  the 
neck  are  separated  by  a  few  centimetres.  This  rearrangement 
may  be  compared  to  that  which  occurs  in  the  plexuses  formed 
by  the  spinal  nerves;  for  instance,  the  brachial  plei^ua  And 
inasmuch  as  the  appearance  presented  by  sections  at  the  same 
level  (figa  1  to  4)  varies  considerably  in  dififerent  nerves, 
particularly  as  to  the  size,  number,  and  arrangement  of  .the  nerve- 
bundles,  and  the  extent  to  which  the.se  coalesce  with,  or  remain 
separate  from,  each  other,  it  would  appear  that  the  arrangement 
of  the  nerve-bundles  is  not  confined  to  a  single  type,  but  that 
several  modes  of  arrangement  are  possible,  as  in  the  case  of  thq 
brachial  plexus  already  referred  to.  r 

At  the  level  at  which  the  superior  laryngeal  nerve  {mp.  lar,  n.) 

■ 

leaves  the  main  trunk  (C,  figs.  1  to  4),  the  inferior  laryngeal 
nerve  {rec.  lar,  n.)  can  also  be  recognised.  The  identification  of 
the  laryngeal  nerves  (and  the  same  applies  to  other  nerves  whose 
position  in  the  main  trunk  it  may  be  desired  to.  recogAise)  is 
made  by  a  comparison  of  the  mixed  nerve  with  sections  of  the 
laryngeal  nerves  made  separately,  especial  attention  being  paid 
to  the  size  of  the  nerve-bundles,  the  thickness  of  their  nerve- 
sheaths,  and  the  character  and  arrangement  of  the  septa  within ; 
and  to  the  relative  preponderance  of  medullated  fibres  in  these 
nerves.  If  the  inferior  laryngeal  breaks  up  early  into  smallei; 
bundles,  it  may  also  be  necessary  to  cut  sections  of  the  main 
trunk  at  levels  intermediate  between  those  of  the  divergence  of 
the  superior  and  inferior  laryngeal  nerves  respectively,  so  as  to 
follow  the  latter  nerve  upwards  in  the  trunk  of  the  vagus.  The 
fact  that  the  two  laryngeal  nerves  can  be  recognised  at  the  same 
high  level  is  important,  in  view  of  the  distribution  of  both  to  the 
same  region.^ 

The  vagus  nerve  varies  in  sectional  area  in  different  cases. 

^  Both  nervefl,  howeyer,  contain  cardiac  branches.     In  the  superior  laryngeal 
a  small  collection  of  non-mednllated  fibres  runs  in  the  crico-thyroid  nerve  (this 
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^ 


Sometimes,  when  two  yagoB  nerves  from  dififerent  subjects  are 
contrasted  in  transverse  section^  the  one  maj  show  at  every  level 
a  distinctly  smaller  sectional  area  as  compared  with  the  other. 
The  explanation  of  this  difference  is,  perhaps,  to  be  fonnd  in  the 
circumstance  that  the  vagus  is  readily  stretched  during  removal, 
or  in  hardening  if  small  weights  are  attached  to  tiie  nerve. 

The  nerve-fibres  of  the  vagus  have  been  classified  by  Gaskell  * 
into  large  meduUated,  which  are  about  10'8/i  in  diameter,  small 
medullated,  and  non-medullated.  My  own  observations  (cp. 
fig&  5,  6,  and  7)  give  similar  results,  the  size  of  the  large  medul* 
lated  varying  from  8'7fi  to  12/i,  that  of  the  small  medullated 
being  3'5/i  to  7/i,  or  even  8yx,  and  the  non-medullated  ranging 
from  Ifi  or  2/a  to  4/x.  The  large  medullated  fibres  contain 
relatively  more  myelin  than  the  small  medullated  fibres,  which 
thus  appear  to  be  constructed  on  a  different  type.  The  small 
medullated  fibres,  also,  like  the  non-medullated,  are  very  apt  to 
exhibit  varicosities,  while  the  neighbouring  large  medullated  fibres, 
though  their  outlines  may  here  and  there  be  wavy  or  irregular, 
yet  remain,  on  the  whole,  rnxxdi  more  free  from  distortion  than 
the  smaller  fibrea 

A  study  of  transverse  sections  shows  that  the  relative  pro- 
portion of  medullated  and  non-medullated  fibres  varies  in  different 
parts  of  the  vagus.  In  the  pharyngeal  and  also  the  laryngeal 
branches  (particularly  the  superior  laryngeal,  cp.  fig.  5)  large 
medullated  fibres  are  conspicuous;^  in  the  main  trunk  of  the 
vagus  (fig.  6)  small  medullated  and  non-medullated  fibres  are 
abundant ;  the  thoracic  cardiac  (fig.  7)  and  pulmonary  nerves  not 
unfrequently  consist  of  non-medullated  nerves,  either  pure  or 
mixed  with  a  very  few  small  medullated  fibrea  Collections  of 
non-medullated  nerve-fibres  are  not  uncommon  in  the  main,  trunk 

nerve  is  seen  on  the  left  imperfectly  sepamted  from  the  main  trank  of  the  superior 
laryngeal  nerre  in  C,  fi;r.  2),  and  goes  to  j(Mn  the  cardiac  branch  given  off  from 
the  upper  oerrioal  ganglion  of  the  sympathetic.  The  cardiao  nerves  in  the  in- 
ferior laryngeal  are  much  more  numerous :  they  separate  from  the  inferior  laryn- 
geal soon  after  its  diveigence  from  the  main  trunk,  as  shown  in  the  diagram  of 
the  vagus  accompanying  figs.  1  to  4. 

^  "  On  the  Belation  between  the  Structure,  Functions,  Distribution  and  Origin 
of  the  Cranial  Nerves ;  together  with  a  Theory  of  the  Nervous  System  of  Yerte- 
brata,"  Jour,  of  Physiol,,  vol.  x.,  1889,  pp.  153-212. 

'  The  same  is  true  of  the  branches  of  distribution  of  the  glosso-pharyngeal, 
spinal  aooesaory,  and  the  hypoglossal 
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at  all  levels,  and  sometimes  in  its  larger  branches,  particularly 
the  inferior  laryngeal  These  filnres  of  Bemak  are  usually 
situated  on  the  periphery,  but  are  occasionally  surrounded  by 
mixed  fibres  (E,  fig.  4).  They  seem  generally  to  be  on  the  point 
of  leaving  the  nerve,  to  proceed  to  their  area  of  distribution. 

The  appearance  of  the  inferior  ganglion  of  the  vagus  varies  in 
different  nerves.  Transverse  sections  of  the  vagus  at  the  level  of 
this  ganglion  (figs.  1  to  4  at  level  B)  sometimes  exhibit  a  large 
main  trunk  containing  nerve-cells  surrounded  by  a  few  smaller 
bundles  of  nerve-fibres,  as  in  fig.  3,  B;  sometimes  the  main  trunk 
is  small,  and  the  surrounding  nerve-bundlies  are  of  correspond- 
ingly larger  size,  as  in  fig.  2,  B.  In  the  former  case  the  gangli- 
onic mass  is  seen  to  occupy  only  a  portion  of  the  main  trunk ; 
in  the  latter  case  the  nerve-cells  are  more  evenly  diffused  through 
the  whole,  but  in  each  case  only  a  portion  of  the  nerve-fibres  goes 
through  the  ganglion,  the  remainder  passing  by  the  side  of  the 
ganglion.  Nevertheless,  in  transverse  sections  of  the  vagus, 
nerve-cells  are  seen  occasionally  in  the  outlying  bundles  of 
nerve-fibres ;  and  as  these  are  repeated  in  successive  sections,  it 
follows  that  they  are  arranged  in  slender  columns.  From  the 
main  mass  of  ganglion-cells  also  sometimes  one  or  several  small 
columns  of  cells  descend  for  some  distance  in  the  main  trunk  of 
the  nerve,  below  the  level  at  which  the  superior  laryngeal 
diverges.  Our  conception  of  the  inferior  ganglion  of  the  vagus 
is  therefore  not  a  simple  one.  It  sometimes  consists  of  an 
elongated  mass  of  cells  in  the  upper  part  of  the  main  trunk  of 
the  vagus,  while  at  other  times  it  includes  in  addition  separate 
slender  cell-columns  in  outlying  nerve-bundles,  at  the  same  level 
(e.g.y  the  superior  and  inferior  laryngeal  nerves),  and  a  downward 
continuation  in  the  trunk  of  the  vagus,  in  the  form  of  one  or 
more  cell-columns,  for  some  distance  below  the  divergence  of  the 
superior  laryngeal. 

The  inferior  ganglion  of  the  vagus  is  regarded  by  Gaskell  ^  as 
a  vagrant  ganglion  or  anterior-root  ganglion,  and  of  the  nature  of 
a  sympathetic  ganglion.  By  Van  Grehuchten  ^  it  is  regarded  as 
analogous  to  the  ganglia  on  the  posterior  roots  of  the  spinal 
nerves.    In  the  circvunstance,  referred  to  above,  that  only  a  por- 

^  Zoc,  cii,  pp.  178-9. 

'  Analomie  du  syrtime  nervetus  de  rhomme,  Louvain,  1897,  pp.  480,  461. 
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tion  of  the  nenre-fibfCB,  with  which  it  iBinrektioD,paaBe8tfanHig|i 
the  gftngUon,  it  presentB  a  slnkii^  resCTiblanoe  to  a  postoior 
root  gADgUon,  and  a  aection  throi^  the  Tagm  a^  the  level  of  die 
inferior  gangUon  corresponds  yeiy  closely  to  a  section  of  a  mixed 
Bfinal  nerve  taken  tbron^^  the  gai^on  on  the  posterior  root 

The  nerve-ceUs  in  the  inferior  gangticm  of  the  vagns  (fig.  8) 
also  closely  resemble  in  appearance  the  cells  of  the  ganglia  on 
the  posterior  roots  of  the  spinal  nerve&  They  are  surrounded  by 
multi-nucleated  capsules ;  and  though  it  is  generally  difficult  to 
recognise  any  nerve-processes,  yet  a  few  cells  can  be  seen  to 
exhibit  a  single  thick  process  which  curves  over  the  cell,  sur- 
rounded by  a  prolongation  of  the  capsule.  The  cells  vaiy  con- 
siderably in  size  (from  18fi  to  36/i),  staining  power,  degree  of 
pigmentation,  and  the  presence  or  absence  of  a  nucleus.  They 
are  frequently  retracted  from  their  capsules,  when  their  outline 
may  be  sharp  or  rugged.  In  all  these  points  the  inferior  ganglion 
of  the  vagus  bears  so  close  a  resemblance  to  the  ganglia  on  the 
posterior  roots  of  the  spinal  nerves  that  it  is  difficult  to  believe 
that  it  is  not  homologous  with  the  latter. 

In  one  case  the  skull  was  opened  from  behind,  the  vagus  dis- 
sected out,  and  transverse  sections  of  it  examined  at  intervals  of 
i  mm.  down  to  the  level  of  the  inferior  ganglion.  They  showed 
that  the  two  ganglia  were  separated  by  an  interval  of  3  mm.  The 
upper  ganglion  was  1^  mm.  long,  and  the  cells  of  the  two  ganglia 
were  not  obviously  distinct  in  character. 

This  work  has  been  done  in  the  pathological  laboratory  at  Clay- 
bury  Asylum,  and  my  warmest  thanks  are  due  to  Dr  Mott  for 
his  invaluable  assistance  throughout. 


DESCRIPTION  OF  PLATES  VIII.-XII. 

Fig.  1.  On  the  right  is  seen  a  diagram  of  the  vagus  nerve,  from 
tho  base  of  the  skull  to  the  root  of  the  lung,  with  its  principal 
branches — namely,  the  pharyngeal  nerve  {phar,  br,);  the  superior 
laryngeal  nerve  (mp,  lar,  n,);  the  inferior  cervical  cardiac  nerve 
(inf.  cerv.  card,  n.) ;  the  recurrent  laryngeal  nerve  {rec,  lar.  n.) ;  and 
the  thoracic  cardiac  and  pulmonary  nerves  (card,  and  pulm.  brs.). 
Above,  the  glosso-pharyngeal  nerve  (g?.  ph.  n.),  the  spinal  accessory 
nerve  (sp,  ace.  n.),  and  the  hypoglossal  nerve  (hypogL  n.)  are  indi- 
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cated.  The  levels  at  which  the  transverse  sections  of  the  vagus  are 
made  are  denoted  by  the  thick  black  lines:  A,  above  the  inferior 
ganglion ;  B,  through  the  middle  of  the  inferior  ganglion ;  C,  at  the 
point  of  divergence  of  the  superior  laryngeal  nerve  from  the 
main  trunk;  D,  at  the  point  of  divergence  of  the  inferior  cervical 
cardiac  nerve ;  E  at,  and  F  below,  the  point  of  divergence  of  the 
inferior  laryngeal  nerve.     This  diagram  is  nearly  of  the  natural  size. 

On  the  left  are  seen  transverse  sections  of  the  vagus  at  the  levels  A, 
B,  etc.,  all  drawn  to  the  same  magnification,  with  such  of  the  more 
important  nerve-bundles  as  can  be  identified,  indicated  by  the  same 
lettering  which  is  used  in  the  diagram  to  the  right.  The  nerve- 
cells  of  the  inferior  ganglion  are  shown  in  A  and  B.      x  9. 

Fig.  2  is  similar  to  the  above.  The  shaded  areas  in  B,  D,  and  E 
indicate  collections  of  non-medullated  fibres,  those  in  D  and  E  going 
to  the  cardiac  plexus.     Nerve-cells  in  the  main  trunk  are  seen  at  C. 

Fig.  3  is  similar  to  the  preceding.  In  the  transverse  sections  at 
A,  B,  and  G,  single  nerve-cells,  representing  cell-columns  cut  across, 
are  seen  in  the  outlying  bundles  of  nerve-fibres;  and  at  C,  nerve- 
cells  are  again  present  in  the  main  trunk,  as  in  the  preceding  fig. 
There  is  less  division  of  the  main  trunk  into  separated  bundles  than 
in  the  preceding  figs.,  particularly  at  G  and  E. 

Fig.  4  is  similar  to  the  preceding.  At  E,  the  trunk  is  divided  into 
a  large  number  of  bundles.  At  E  and  G,  collections  of  non-medullated 
fibres  are  indicated  by  the  light  shading, — one  such  collection  at  the 
lower  part  of  E  (below  the  main  trunk)  being  placed  centrally. 

Fig.  5.  Transverse  section  of  part  of  the  inferior  laryngeal  nerve. 
Large  and  small  meduUated  nerves  are  seen — the  former  preponder- 
ating. Above  and  to  the  right  some  non-medullated  nerves  are 
seen,  though  somewhat  indistinctly;  elsewhere  these  fibres  are  not 
recognisable,  having  been  obliterated  during  the  preparation  of  the 
section,      x  375.     Osmic  acid.     Safranin. 

Fig.  6.  Transverse  section  of  the  main  trunk  of  the  vagus  at  D 

(figs.  1  and  2).     Large  and  small  medullated,  and  non-medullated  fibres 

>^  are  seen,  the  last  predominating.  The  nuclei  of  the  primitive  sheaths  of 

the  non-medullated  fibres  are  also  seen,     x  475.   Osmic  acid.   Safranin. 

Fig.  7.  Transverse  section  of  a  small  thoracic  cardiac  nerve.  The 
nerve  is  made  up  of  non-medullated  fibres,  the  nuclei  of  which  are 
readily  distinguishable ;  two  small  medullated  fibres  are  shown  near 
the  centre,      x  375.     Osmic  acid.     Safranin. 

Fig.  8.  Portion  of  a  transverse  section  of  the  inferior  ganglion  of 
the  vagus.  Seven  ganglion-cells  are  seen,  varying  considerably  in  their 
staining  power,  and  exhibiting,  with  two  exceptions,  more  or  less 
faintly  outlined  nuclei.  Three  of  the  cells  exhibit  pigment-masses. 
The  upper  cells  present  an  appearance  of  processes  running  between 
the  body  of  the  cell  and  the  capsule.  The  capsules  are  multi-nucleated 
(the  nuclei  are  not,  however,  so  numerous  as  in  the  ganglia  on  the 
posterior  spinal  roots).  Surrounding  and  separating  the  nerve-cells 
are  numerous  nerve-fibres,  cut  across  transversely,  most  of  which  exr 
hibit  axis- cylinders,     x  275.     Auiline-blue. 


THE  MUSCLES  OF  MAMMALS,  WITH  SPECLiL  RELA- 
TION  TO  HUMAN  MYOLOGY:  A  CoufiSB  of  Lbctukes 

DELiySBBD     AT     THE     BOYAL     COLLBGK     OF     SuBGBONS     OF 

England,  by  F.  G.  Parsons,  F.RCS.,  HurUerian  Professor. 

Lecturs  I. — The  Skin  Muscles  and  Muscles  of  the  Head 

AND  Neck. 

Me  President  and  Gentlemen, — As  the  whole  subjact  of 
mammalian  myology  is  too  large  to  be  dealt  with  in  three 
lectures,  I  have  had  some  difficulty  in  making  up  my  mind 
what  points  I  should  bring  before  your  notice,  and  what  I  should 
leave  out.  It  seemed  to  me  that  it  would  be  more  in  keeping 
with  the  spirit  of  the  man  in  whose  memory  these  lectures  are 
given  if  I  laid  special  stress  on  the  chief  points  which  I  have 
myself  observed,  and  the  deductions  I  have  drawn  from  them. 

If  I  fail  to  call  sufficient  attention  to  the  writings  of  others, 
writings  often  more  worthy  of  being  recorded  than  my  own,  it  is 
because  I  feel  that  the  honour  of  a  Hunterian  Professorship  of 
this  College  calls  for  as  much  original  work  as  the  holder  is 
capable  of  giving. 

The  muscles  to  which  I  have  decided  to  call  your  attention 
have  been  chosen,  as  far  as  possible,  because  they  have  some 
bearing  on  human  myology ;  because  they  seem  to  explain  either 
the  constant  arrangement  of  man's  muscles,  or  the  commoner 
variations  met  with  in  him.  My  own  acquaintance  with  the 
muscles  of  monkeys  and  anthropoid  apes  has  been  greatly  added 
to  by  the  kindness  of  my  friend  Mr  Keith,  who  has  placed  at  my 
disposal  a  mass  of,  as  yet,  unpublished  work  on  these  animals. 

I  must  disclaim  any  intention  of  giving  a  complete  account  of 
all  that  is  known  about  any  muscle :  such  a  proceeding  would 
not,  I  think,  be  suitable  for  a  short  course  of  lectures.  I  shall 
rather  try  to  call  your  attention  to  certain  disjointed  facts  which 
seem  to  me  suggestive,  and  which  I  hope  may  prove  interesting. 

Fannicidvs  camo8ti8,*—T!his  is  found  throughout  the  mam- 
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malia,  and  forms  a  more  or  leas  complete  inTestment  of  the 
trunk,  as  well  as  being  prolonged  for  some  distance  on  the 
extremitiea  It  is  important  to  realise  that  this  skin  muscle 
consists  of  several  layers,  the  fibres  of  which  run  in  different 
directions.  It  thus  happens  that  in  some  places  as  many  as  three, 
or  even  four,  planes  of  fibres  may  be  detected,  while  elsewhere  it 
xnaLj  be  wanting  entirely,  and  nothing  intervenes  between  the 
skeletal  muscles  and  the  skin.  In  many  places  the  panniculus 
becomes  attached  to  subjacent  bony  points;  and  when  these 
special  fibres  are  of  use  to  the  animal,  they  increase  and  form 
bundles  sufficiently  marked  off  from  the  rest  to  induce  an 
observer  to  give  them  a  special  name.  Some  of  these  bundles 
are  of  interest  to  the  human  anatomist,  although  I  know  of  no 
mammal  that  is  less  well  adapted  for  studying  the  skin  muscles 
than  man. 

If  we  select  a  mammal  in  which  the  panniculus  is  fairly,  but  not 
very  strongly,  deyeloped,  such  as  one  of  the  carnivores,  a  racoon  for 
instance,  we  find  the  platysma  running  from  the  mouth  region  back- 
ward and  upward,  that  is,  dorsally  and  eaudalward.  Deep  to  this 
is  another  muscle  which  rises  from  the  fascia  over  the  masseter,  and 
passes  veutrally  and  caudalward,  ending  in  the  mid  line  of  the  throat, 
where  it  blends  with  its  fellow  of  the  opposite  side :  this  muscle,  from 
its  appearance,  is  known  as  the  sphincter  colli.  On  the  lateral  part  of 
the  trunk  of  the  same  animal  we  find  a  layer  of  muscle  which  shades 
off  into  the  skin  posteriorly,  while  anteriorly  it  passes  deep  to  the 
pectoralis  mtgor,  to  be  inserted  into  the  humerus.  The  dorsid  part  of 
this  layer  is  kuown  as  the  dorso-humeralis ;  the  ventral  part,  feebly 
developed  in  carnivores,  as.,  the  abdomino-humeralis.  The  dorse- 
humeralis,  of  course,  lies  superficial  to  the  latissimus  dorai ;  and  its 
fibres,  to  reach  the  humerus,  have  to  wind  round  the  ventral  border 
of  that  muscle,  and  then  cross  the  axilla.  The  shoulder  region,  it  will 
be  seen,  has  no  panniculus  at  all  over  it  (fig.  1). 

A  dissection  of  an  ungulate  would  show  nearly  the  same  arrange- 
ment of  dorso-humeralis,  but  the  sphincter  colli  is  ill  developed,  and 
in  the  horse  there  is  a  vertical  bundle  of  fibres  over  the  shoulder, 
which  enables  the  animal  to  wrinkle  the  skin  of  that  region  in  the 
manner  familiar  to  everyone.  If  we  next  examine  the  panniculus  of 
a  rodent,  a  porcupine  or  guinea-pig  for  instance,  we  shall  find  that  the 
platysma  and  dorso-humeralis  are  nearly  identical  with  the  same 
muscles  in  the  carnivore,  except  that  part  of  the  latter  is  continued 
over  the  shoulder  region,  while  the  abdomino-humeralis  is  much  more 
strongly  developed  and  covers  the  external  oblique  muscle;  as  we 
trace  it  forward  toward  the  pectoral,  we  find  that,  with  care,  it  can  be 
separated  into  two  sheets,  the  more  superficial  of  which  passes  vehtral 
to  the  pectorals,  while  the  deeper  is  interwoven  wil^  the  fibres  of 
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that  muBcIe ;  we  further  see  that  there  is  no  sharp  line  of  demarca- 
tion between  the  abdomino-  and  dorso-humeralis.  The  sphincter  colli 
in  rodents  riaea  from  the  faacia  over  the  masseter,  aa  in  carnivores. 


bnt,  as  a  rule,  the  mnscle,  instead  of  being  inserted  into  the  mid  tine 
of  the  throat,  is  coutinued  to  the  anterior  part  of  the  manubrium 
stemi,  and  consequently  Dobson  propoaed  the  name  of  'atemo-facialis ' 
for  itj  this  arrangement  is  very  well  seen  in  Octodon,  one  of  the 


itm/^ 


poTcupine-Uke  rodents  (fig.  2).  The  strand  molo  or  mole  rat  {Batky- 
ergus  maritimui)  showa  us  that  the  Btenio-facialis  of  rodents  and  the 
sphincter  colli  of  carnivores  are  one  and  the  same  muscle.  Here  some 
of  the  fibres  are  iuseit^  in  the  mid  line  of  the  throat,  while  the  mors 


Fio'  3.— PsiiDicnluB  of  Strand  Hola  (Bathyergus)- 

a,  pUtjmna ;  ft,  aterno-fiwialia  mnNle  ;  b',  eternobculis  cut ;  b",  atenio- facialis 
cut ;  b'",  fibres  decnwatiug  in  mid  line,  forestutdowing  the  sphincter  colli  of 
the PrimateB  ;  e,  pectoralmoscU  ;  e',  bnnchofanteriorthoracio  nerve  Bupjilv- 
ins  the  st«rno-fitculis  ;  d,  ateroo -mastoid  muscle  ;  t,  auperlicial  fibre*  of  the 
abdomiusl  pannicnlaBcaruceUBCOntinuoua  with  the  sterna- facialis. 


ventnl  part  of  the  throat  only,  but  the  whole  of  the  pectoral  mass, 
and  meete  its  fellow  in  the  raid  line  from  close  to  tiie  eymphyeis 
roenti  to  as  far  back  as- the  siphistemum  (fig.  4).     There  can,  I  thmk, 
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be  no  doabt  that  thii  ie  th«  eame  muscle  aa  the  epbincter  colli  of  the 
eamivore  or  the  atemD-ficialu  of  Oetodon  orBathyergns.  The  dona- 
humetaliB  ia  enormously  developed,  and  most  of  its  fitn^s  paes  over 


,  RterDO-fMiilii  or  gphinotcT 


the  shoulder  to  the  neck,  where  they  fuse  with  the  Uteial  part  of  the 
etetno-focialis,  forming  the  huge  sphincter  muscle  of  the  body  which 
rolls  the  animal  up  into  a  btSi,  and  which  has  so  often  been  described. 
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The  abdomiRO-bumeralis  is  present,  bat  i^  in  companion,  feeble  : 
it  pttaseB  entirely  deep  to  the  pectorals, — at  least,  I  have  never  beeu  able 
to  Und  s  superficial  layer  cortesponding  to  that  of  Bathyergus.  The 
ventro-faumeralia  and  pectorals  of  all  t£ese  animals  are  supplied  by  a 
large  nerve  which  runs  back  (candalward)  from  the  intfimal  cord  of 
the  brachial  pleiUB.  la  the  bats  the  pUtyama  is  extremely-  vrell 
marked,  and  is  divided  into  tvo  or  tiiree  separate  portions,  but  the 
steruo-facialis  is  entirely  wanting  as  far  as  I  have  beca  able  to  find  out 
(fig.  5).  In  the  lemurs  and  cynomorphoue  monkeys  the  pltttysma  ie  well 
developed,  and  reaches  dorsally  nearly  to  the  mid  dorsal  line  of  the 


10.  G. — Neck  af  Pniit  Bat  (Pteropna),  ihowing  tripartita  pla^sms  and  absene 
of  sphincter  oolli.  a,  b,  c,  platyinu  ;  d,  parotid  gland  ;  «,  /,  lUpa  at 
[•nnlooltu  to  patagiam, 

neck :  it  passes  close  behind  the  ear,  and  some  of  its  anterior  fibres  in 
the  lemur  are  evidently  separated  to  fonn  a  transversus  nuclin.  The 
sphincter  colli,  as  Buge  has  shown,  is  practically  identical  with  that  of 
carnivores.  As  the  anthropoid  apes  are  reached  the  sphincter  colli 
disappeais,  until  in  man  only  vestiges  of  it  remain.  The  abdomlno- 
humeralis  disappears  in  the  primates,  and  probably  becomes  the 
sheath  of  the  abdominal  muacles ;  while  the  doreo-humeralis  is  present 
in  lemurs  and  cynomorphous  monkeys  as  a  small  flat  muscle,  lying 
superficial  to  the  trapezius,  and  ending  in  a  tendon  which  winds  round 
that  of  the  latissimus  dorsi  to  cross  the  asillo,  and  become  inserted 
into  the  humerus,  in  it«  usual  place,  deep  to  the  pectorals  (fig.  6). 
In  the  higher  apes  and  man  this  too  disappears. 
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■  Now  to  apply  these  facta  to  man.  TKere  can  be  littl*  oppiJsd- 
tioD  to  the  view  that  the  acbeelbogen  Or  muscular  slips  so  often 
found- running  across  the  axilla,  and  uniting  the  latis^mua  dond 
with  the  pectorals,  are  remains  of  the  dorso-humeTalis  paeang 
across  ff 6m  the  superficial  Burface  of  the  latissimns  dorsi  to  the 
deep  surface  of  the  pectoral  (fig.  6). 


6, — AsilU   of  JUaoaqne   HonkeT.      a,   deltoid  ;    b,  penion.]  ;    e, 

humerslU ;  d,  lutiaeimua  dom ;  «,  dono-olMTtnalU ;  /biceps. 


Euge  has  shown  that  the  transverse  muscular  fibres,  which. are 
Bometimes  found  under  the  chin  in  man,  superficial  to  the  mylo- 
hyoid  and  digastric,  are  probably  relics  of  the  most  anterior  part 
of  the  stemo-facialis  or  sphincter  colli ;  while  I  have  contended 
that  the  musculus  sternalis,  that  curious  abnormality  in  man 
.about  which  80  much  baa  been  written;  is  nothing  more  than  a 
survival  of  the  thoracic  fibres' of  the  same  muscle;  and  I  think 


Tfilt  HtJfil&LB:&  OF  MAMMALd.  iSS' 

that  anyone 'who  looks  at  the  position  and  relatioiis  of  the  stemo-^ 
facialis  of  either  the  hedgehog  or  the  African  mole  rat(Bathy* 
ergus)  mVist  be  struck  by  the  fact  that  if  the  neck  portion 
(sphincter  colli)  were  removed,  a  typical  stiernalis  would  remain 
(see  figs.  3  and  4)*  The  human  sternalis  is  probably  completed 
eaudally  by  the  superficial  layer  of  the  abdomino-humeralis,  and 
this  explains  its  tendency  to  merge  in  the  fascia  covering  the 
abdominal  muscles.  In  addition  to  this,  a  branch  of  the  internal 
anterior  thoracic  nerve  has  been  found  piercing  the  pectoral  in 
BathyerguB,  andr  supplying  the  superjacent  portion  of  panniculus. 
I  am  glad  of  the  opportunity  of  advancing  this  theory  again, 
because,  since  I  first  suggested  it  al  a  meeting  of  the  Anatomical 
Society  in  1895,  I  have  been  more  and  more  convinced  of  its 
probability.  The  chief  points  made  by  those  who  do  not  agree 
with'  my.  views  are,  firstly,  that  a  good  explanation  for  the 
sternalis  has  already  been  given  by  Prof.  Cunningham,  who  re- 
gards it  as  some  of  the  fibres  of  the  pectoral  which  have  become 
twisted  at  right  angles  to  their  proper  course;  secondly,  that  in 
l^e  animals  nearest  man — apes  and  monkiBys — a  sternalis  has 
never  been  found ;  and  thirdly,  that  there  is  no  reason  why  con- 
nective tissue  should  not  become  muscular  whenever  and  wherever 
the  need  for  it  may  occur,  without  necessarily  being  a  reversion 
to  an  ancestral  arrangement.  Into  the  merits  and  demerits  of. 
these  objections  I  do  not  now  propose  to  enter:  I  only  wish 
to  put  my  own  hypothesis,  with  the  facts  on  which  it  is  based, 
before  you. 

We  have  noticed  that  in  some  animals  the  abdomino-humeralis 
passes  both  superficial  and  deep  to  the  pectorals,  and  that  some 
of  its  fibres  may  even  pierce  the  pectoral,  to  be  inserted  with  the 
fibres  of  that  muscle.  It  is  also  a  fact  that  in  many  mammals 
the  hinder  (caudal)  fibres  of  the  pectoral  rise  from  the  linea  alba, 
a  considerable  distance  behind  the  xiphisternum,  and  cover  a  good 
deal  of  the  external  oblique  and  rectus  ventralis  (abdominis). 
Further,  it  is  known  that  the  abdomino-humeral  and  pectoral 
muscles  are  supplied  by  the  same  nerve  from  the  internal  cord 
;of  "the  brachial  plexus,  while  the  obliques,  rectus,  and  intercostals 
aire  supplied  by  intercostal  nerves.  All  these  facts  make  me 
regard  the  pectoral  muscles  as  part  of  the  'panniculus;  and 
although  the  theory  sounds  somewhat  startling  at  first,  when  one 
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considers  the  embryology  of  the  parts  it  do^  not  appear  sa 
unlikely.  It  is  admitted  that  the  ventro-lateral  muscles  of  the 
tanUik  are  divided  into  four  planes,  of  which  the  deepest  is  formed 
by  the  transverSalis  and  triangularis  sterni,  the  second  by  the 
internal  oblique  and  internal  intercostals,  the  third  by  the 
external  oblique,  the  external  intercostals,  and,  I  have  no  hesi- 
tation in  adding,  the  supracostalis ;  the  fourth  layer  is  ibe 
panniculus.  It  is  further  asserted  that  the  panniculus,  or  most 
superficial  layer,  is  a  delamination  from  the  third  layer,  after  the 
three  others  have  been  formed.  The  mesial  ventral  mass  of 
muscle  does  not  show  the  division  into  layers  so  well ;  it  consists 
of  the  rectus  and  its  sheatL  The  pectoralis  is  usually  regarded 
as  a  delamination  from  the  surface  of  the  third  layer.  I,  on  the 
other  hand,  prefer  to  r^ard  it  as  part  of  the  fourth  or  pannicular 
layer,  itself  a  delamination  of  the  third  layer,  so  that  what 
appears  at  first  sight  a  revolutionary  suggestion,  becomes  on  ex- 
amination a  matter  of  very  slight  moment. 

Digastric  (Depressor  mandibulae). — The  most  important  point 
to  bear  in  mind,  in  considering  this  muscle,  is  that  it  ia  not 
always  really  digastric,  but  that,  even  when  it  appears  mono- 
gastric,  it  has  a  double  nerve  supply.  The  anterior  portion  of 
the  muscle  is  supplied  by  the  fifth  nerve,  the  posterior  by  the 
seventh.  Our  knowledge  of  the  anatomy  of  the  fish  tells  us  that 
the  muscles  developed  in  the  first  or  mandibular  visceral  arch 
are  supplied  by  the  fifth  nerve,  while  those  formed  in  the  second 
or  hyoid  arch  derive  their  nerves  from  the  seventL  Nerve 
supply  is  not  always  to  be  relied  upon  in  determining  the  homol- 
ogies of  muscles,  but  there  is  good  reason  to  agree  with  Humphry 
in  regarding  the  anterior  belly  of  the  digastric  as  a  portion  of 
the  myotome  belonging  to  the  mandibular  arch,  of  which  the 
temporal,  masseter,  and  pterygoids  are  part,  and  of  looking  upon 
the  posterior  belly  as  part  of  the  myotome  of  the  second  arch, 
from  which  are  also  derived  the  stylo-hyoid  and  most  of  the  facial 
muscles.  The  central  tendon  is  a  remnant  of  the  connective- 
tissue  interval  or  myocomma  between  the  two  myotomea 

In  dissecting  three  Ornithorhynchi,  I  found  a  muscle  running 
from  the  sub-hyoidean  septum,  outward  and  a  little  forward  to 
the  mandible,  not  far  from  the  angle :  it  was  supplied  by  the  fifth 
nerve,  and  lay  superficial  to  the  mylo-hyoid  muscle,  of  which  it 
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appeared  a  delaminatton,  and  with  which  ite  fibres  had  nearly  the' 
same  direction  (fig.  7).  In  the  same  animal  a  single  muscle  runs 
from  the  long  tubular  external  aiiditory  meatus  to  the  snb-- 
byoideaa  septum :  it  is  supplied  by  the  facial  nerve,  and  probably 
correaponda  to  the  combined  stylo-hyoid  and  posterior  belly  of 
the  digastric.  From  this  I  am  inclined  to  think  that  the  anterior 
belly  is  an  older  muBcle  than  the  posterior,  or,  in  other  words, 


Fic.  7.— ThroatmaMleBofOrnithorhynclinti.  a.a',  p»rtofpannica!ui ;  6,  Miterior 
bellj  ordirautrid  ;  e,  posterior  bellj  of  digutrio ;  d,  mjla-hyoid ;  e.e',  part 
of  ptaaicDJuB. 

that  the  anterior  belly  is  differentiated  from  the  mylo-byoid 
layer  before  the  posterior  belly  is  split  off  from  the  stylo-hyoid. 
This  possibly  may  be  the  reason  why  absence  of  the  anterior 
belly  of  the  d^astric  is  very  rare  in  man,  but  absence  of  the 
stylo-hyoid  is  fairly  common. 

Excluding  the  monotremes,  the  digastric  muscles  of  mammals 
may,  I  think,  be  divided  into  three  classes.  ; 

In  the  first  class  the  anterior  and  posterior  bellies  are  separated 
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by  a  coDMdeiable  length  of  tendon  (%  8);  the  posterior  bellj" 
Dsrrows  into  a  ronnded  tendon,  whkli  paaaes  forwards  until  it 
reaches  the  r^ion  of  the  hyoid  bone,  then  it  runs  inwards  ventral 
to  the  hyoid  bone  and  meets  its  fellow  of  the  oi^Nsite  side, 
forming  an  an*  with  the  convexity  forwards ;  this  arch  is  qnite 
independent  of  the  hyoid  bone,  and  is  only  attadted  to  it  by 
connective  tissue.  The  anterior  bellies  of  the  digastric  spring 
from  the  convexity  of  the  arch  and  extend  forward  to  the 
mandible  close  to  the  symph^'sis,  touching  one  another  in  the 


middle  line  of  the  neck.  This  kind  of  dig^tric  is  not  con- 
fined to  any  one  order.  It  is  found  in  all  squirrel-like  rodents 
(sciuromorphine),  as  well  as  in  many  of  the  mouse-like  tribe  or 
myomorphine,  but  it  is  never  seen  in  the  porcupine-like  (hys- 
tricomorphine)  or  hare-like  (lagomorphine)  groups.  It  is  also 
found  in  many  of  the  insectivora,  and  in  most  of  the  c}~nomor- 
plious  monkeys  and  anthropoid  apes,  such  as  tiie  macaqnes, 
ceroopitheci,  black  apes  (cynopitheci),  baboons  (cynocephali), 
orangs,  and  chimpanzeea 
The  second  division  of  the  muscle  we  may  describe  as  pseado- 


TBS  HUSCLXS.OP  UA.HUAI^  439. 

rooDc^astric  (fig.  9).  In  this  tbe  muscle  at  first  sight  Beenis 
to  consist  of  0DI7  one  belly,  but  a  closer  inspection  will,  in  my 
ejcperience,  always  show  some  indication  of  a  central  tendon, 
naually  in  the  form  of  a  few  tendinous  fibres  on  the  surface, 
though  these  seldom  extend  into  the  interior  of  the  muscle  when 
it  is  cut  across,  and  there  is  only  a  very  slight  constriction  of  the 
muacle  in  the  middle.  The  anterior  bellies  are  usually  attached 
to  the  mandible  midway  between  the  symphysis  and  the  angle, 
and,  instead  of  being  fiat  planes  meeting  in  the  mid  line  of  the  neck. 


tia.  9— Digastric  of  GBine>-pig  (Cam 
type,    a,  digastric ;  ft,  myla-bji 

they  are  usually  lounded  and  leave  a  considerable  expanse  of  the 
mylo-hyoid  exposed  between  them.  As  we  have  already  noticed, 
the  double  nerve  supply  is  always  found.  This  kind  of  digastric 
is  found  in  the  porcupine-like  (hystricomorphine)  sub-order  of 
rodents,  in  kangaroos,  in  all  camivora  (fig.  10),  and  in  tbe  vesper- 
tilionine  and  pteropine  bats.  In  the  latter  animals,  which  in- 
clude the  fruit  bats  and  flying  foxes,  Macalister  has  drawn 
attention  to  an  oblique  intersection  indicating  the  central  tendon. 
The  presence  of  this  intersection  I  have  verified. 
The  third  kind  of  digastric  ii  intermediate  between  the  other 
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two.  It  is  the  ty^ca]  digastric  ot  num,  and  ctmaBta  of  anterior 
and  posterior  belUee  oonneoted  hy  a  definite  centr&l  tendon,  tiie 
anterior  bellies  failing  to  nnite  in  the  middle  line  of  the  neck, 
but  ugu&Uj  reaching  forward  to  near  U)e  symphyHiB.  This 
Tariet^  at  the  muscle  ia  found  in  most  lemurs  and  many  monkeya, 
especially  the  New  World  monkeys  (plalyrhini),  gibbwiB  (hylo- 
bates),  and  many  specimens  of  gorillas. 

It  is  quite  easy  to  find  transitional  stages  between  these  ttiree 
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varieties  of  the  muscle.  We  have  already  seen  that  some  indi- 
cation of  a  central  tend<Hi  is  almost  always  present,  if  carefully 
looked  for,  so  that  the  second  and  thitd  gronps  may  easily  pass 
into  one  another;  while  in  many  gibbcHis  and  semnopitbeqiie 
monkeys  the  anteriw  bellies  are  connected  by  fibrous  tiesne 
across  the  middle  line  of  the  throat,  and  a  little  condensation  of 
this  tissue  poeterim-ly  would  result  in  the  definite  sab-hyoid  aidi 
of  the  first  variety.  This  arrangement  I  have  recently  seen  in 
a  spider  monkey  (Atelea).  It  is  interesting  to  note  tliat  the 
commonest  abnormalitieB  of  the  digastric  in  man  show  tituitd- 
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tions  from  this  third  variety  to  the  Gist  or  more  geoeralified  and 
primitive  type ;  the  anterior  bellies  are  sometimes  foimd  meeting 
in  the  middle  line;  while  Keith  states  that  in  a  young  human 
foetus  the  sub-hyoid  arch  may  often  he  detected.  The  mento- 
hyoid  muaole,  which  is  found  as  an  abnormality  in  man,  mnning 
from  the  hyoid  hone  to  the  mental  Bjmphysis  near  the  middle 
line,  may  be  a  remnant  of  the  mesial  part  of  the  anterior  belly 
of  the  d^astfic  of  the  first  variety ;  but  about  this  muscle  I  have 
more  to  say  later. 


There  are  a  few  kinds  of  digaslaics  which  will  not  fit  into  any 
of  the  above  descriptions,  and  for  these  perhaps  a  fourth  class 
should  be  established.  They  are  true  monogaatric  muscles,  in 
which  either  the  anterior  or  the  posterior  belly  is  suppressed. 
Hie  lagomorpbine  or  hare-like  sub-order  of  rodents  ia  a  good  ex- 
ample :  here  the  posterior  belly  of  the  muscle  is  only  represented 
by  a  narrow  tendon  (fig.  11).  In  many  orangs  it  is  curious  that 
the  anterior  belly  is  wanting,  and  the  posterior  is  attached  to  the 
mandible,  cloee  to  its  angle.     In  tlie  mole  (Talpa  europea)  the 
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posterior  belly  is  normal,  but  close  to  the  angle  of  the  ^w  the 
muscle  narrows  into  a  delicate  tendon,  which  passes  forward  to 
be  inserted  into  the  body  of  the  mandible  about  a  third  of  the 
way  back  from  the  symphysis.  I  hav6  been  unable  to  find  any 
other  tendinous  fibres  or  any  nerve  from  the  fifth,  so  I  think  that 
in  this  animal  the  anterior  part  of  the  muscle  is  absent. 

I  have  not  been  able  to  think  of  any  satisfactory  explanation 
for  one  animal  having  one  type  of  digastric  and  another  a 
different  one :  it  does  not  appear  to  be  due  to.  differences  in  the 
temporo-mandibular  articulation.  Dobson  has  suggested  that 
animals  which  hold  their  food  in  their  paws,  and  eat  it  with  their 
heads  flexed  on  their  trunks,  are  the  ones  in  which  a  sub-hyoid 
arch  is  found.  This  is  a  satisfactory  explanation  as  far  as  rodents 
go,  but  there  is  probably  no  mammal  which  bends  its  head  to 
take  its  food  more  than  the  fruit  bat  does,  and  yet  this  animal 
has  an  almost  monogastric  muscle,  with  no  sub-hyoid  arch  at  alL 
Again,  why,  among  the  primates,  should  the  lemurs,  spider 
monkeys,  anthropoids,  and  man  be  losing  their  sub-hyoid  arch  ? 
Probably  we  have  not  yet  enough  facts  to  try  to  find  a  satis- 
factory explanation. 

The  Ventral  Group  of  Neck  Mtisdes. — In  this  group  are  in- 
cluded the  muscles  which  in  man  act  as  depressors  of  the  hyoid 
bone,  the  sterno-hyoid,sterno-thyroid,  omo-hyoid,and  thyro-hyoid, 
as  well  as  the  continuation  of  these  forward  into  the  tongua  The 
group  is  usually  r^rded  by  anatomists  as  the  prolongation  forward 
of  the  rectus  ventralis ;  and  as  the  tongue  develops  in  the  floor 
of  the  mouth,  some  of  this  longitudinal  layer  becomes  continued 
into  it.  The  first  thing  that  attracts  attention  in  the  abdominal 
part  of  the  layer  is  the  presence  of  tendinous  intersections 
(linede  transversse),  recalling  the  original  myocommata  and  myo- 
tomes. In  the  cervical  portion  these  inscriptions  are  seen  in  the 
central  tendon  of  the  omo-hyoid  of  man,  and  often  in  the  sterno- 
hyoid and  thyroid.  The  nerve-supply  of  the  group  is  interesting. 
In  man  the  tongue  muscles  are  supplied  by  the  hypoglossal  and 
the  depressors  of  the  hyoid  bone  by  the  ansa  hypoglossL  The 
hypoglossal  nerve  in  some  fish  and  amphibians  is  a  spinal  nerve 
which,  higher  up  in  the  scale,  becomes  included  in  the  cranium. 
It  supplies  myotomes  behind  those  supplied  by  the  seventh  and 
ninth ;  and  when  these  myotomes  are; prolonged  into  the  tongue, 
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they  carry  their  original  nerve  with  them,  consequently  the 
tongue  muscles  are  supplied  by  the  hypoglossal ;  and  in  dissect- 
ing the  submental  r^on  of  the  Ornithorhynchus,  for  example, 
we  find  the  most  superficial  muscle  supplied  by  the  seventh  nerve, 
because  it  is  part  of  the  facial  panniculuS,  and  is  derived  from 
lihe  hyoid  visceral  arch ;  deep  to  this  come  the  anterior  belly  of 
the  digastric  and  the  mylo-hyoid  supplied  by  the  fifth  nerve, 
because  they  are  muscles  of  the  mandibular  visceral  arch ;  and 
deep  to  these,  again,  the  tongue  muscles  supplied  by  the  hypo- 
glossal nerve  (fig.  7). 

Taking  the  question  of  the  tendinous  intersections,  occasionally 
present  iathe  stemo-hyoid  and  -thyroid  of  man,  we  find  that  they 
are  constant  in  many  mammals,  but  are  more  frequently  found 
in  the  sterno-thyroid  than  in  the  sterno-hyoid.  In  a  dog  which 
I  lately  dissected,  the  sterno-hyoid  and  -thyroid  were  completely 
fused  from  their  sternal  origin  as  far  as  a  tendinous  intersiection 
which  was  situated  about  a  third  of  the  way  up  the  neck ;  after 
this  they  were  separate.  In  a  three-toed  sloth  {Bradypus  tri- 
dactylvs)  the  two  muscles  Were  fused  as  far  f orwai'd  as  the  cricoid 
cartilage,  after  which  the  sterno-hyoid  was  delaminated  from  the 
ventral  and  mesial  part  of  the  muscle  as  a  slender  slip  to  the 
hyoid  bona  These  specimens  are  interesting,  because  they  bear 
out  Testut's  evidence,  showing  that  the  sterno-hyoid  and  -thyroid 
are  mere  delaminations  of  one  muscular  dheet.  Tendinous  inter- 
sections are  found  in  many  carnivora  besides  the  dog, — in  kan- 
garoos, lemurs,  and,  according  to  Keith,  in  all  cynomorphous 
•monkeys;  they  are  also  common  in  the  anthropomorpha. 
According  to  Chauveau,  the  tendinous  intersection  or  myocomma 
is  seen  in  its  best  development  in  the  horse :  heriB  it  is  so  large 
that  the  muscle  is  described  as  digastric,  and  the  arrangement 
recalls  that  of  my  dog,  in  that  the  sterno-hyoid  and  -thyroid  are 
only  sepcirable  on  the  cephalic  side  of  the  intersection. 

We  have  already  noticed  that  the  ventral  layer  of  throat 
muscles  is  prolonged  forward  into  the  tongue  on  the  dorsal  side 
of  the  mylo-hyoid  sheet:  it  is  in  many  mammals  prolonged 
-forward  ventral  to  this  sheet  as  well.  This  has  been  noticed  by 
Testut  in  the  pangolin,  armadillo,  and  anteater,  and  by  Humphry 
in  the  hippopotamus,  while  Young  found  in  three  koalas  some 
fibres  of  the  omo-hyoid  passing  to  the  mandibular  symphysis 
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ventral  to  the  mylo-hyotd,  while  others  passed  deep  to  form  Ha 
lingualifl  muscle.  Windle  found  the  stemo-hyoid  continued 
forward  ventral  to  the  mylo-hyoid  in  the  Australian  rat  (Hydro- 
myt) ;  and  I  have  recorded  it  in  the  ooypa  rat  (Mj/opotamua)  and 
the  strand  mole  {Baihyergus).  In  the  latter  animal  the  muscle 
is  continued  forward  as  far  as  the  ff^phyeia  mentL  This 
arrangement  never  seems  to  occur  in  the  primates,  unless  the 
mento-hyoid  muscle  already  referred  to  may  be  re^^arded  as  the 
remains  of  a  forward  extension  of  tJie  slemo-  and  omo-hyoid 
toward  the  symphysis.  I  do  not  know  Uiat  the  nerve  supply  of 
the  mento-hyoid  has  ever  been  recorded ;  but  if  it  comes  from  the 
fifth,  the  muscle  is  probably  a  dismemberment  of  the  anterior 


Fio.  12. — Tongne  mnaoles  of  Hac<M)ne  Monkey,  a,  Iijogloenit ;  h,  h',  bsd- 
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gloBsa.phuyngeal  nerve. 

belly  of  the  digastric ;  if  from  the  hypc^lossal,  it  is  a  remnant  of 
the  Btemo-hyoid  prolongation. 

The  Hyo^lossus  muscle  in  man  often  consists  of  three  parts. 
The  main  and  most  constant  of  these  rises  from  the  great  coma 
of  the  hyoid  bone,  and  forms  a  continuation  of  the  thyro-hyoid 
muscle  towards  the  tongue.  Nearer  the  mid- ventral  line  another 
set  of  fibres  is  sometimes  found  which  rises  from  the  lesser  cornu 
of  the  hyoid,  and  is  spoken  of  as  the  chondro-glossus ;  while  leas 
frequently  a  third  bundle,  called  the  triticeo^loBSuB,  appears. 
This  is  situated  more  dorsally,  and  rises  from  the  tip  of  the  great 
cornu,  or  from  the  cartilago  triiicea  in  the  lateral  thyro-hyoid 
ligament.  As  far  as  I  know,  a  separate  chondro-  or  triticeo- 
gloseus  has  not  been  recorded  in  the  lower  mammals,  but  I  think 
that  either  the  lemur  or  macaque  monkey  will  give  a  clue  to  the 
meaning  of  the  former  muscle.     In  these  animals  the  hyo-glossus 
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is  sharply  divided  into  two  portions,  the  more  vebtral  of  which 
rises  &x)m  tiie  body  of  the  hyoid  bone,  and  perhaps  slightly  from 
the  leaer  cornu,  whUe  the  more  dorsal  comes  from  the  greater 
coniu  (fig.  12)i  In  the  block  ape  (Cynopitlucus  niger)  I  foand  the 
ventral  part  of  the  muscle,  whioh  I  believe  cOirespondfl  to  tlie 
chondro-glcsBUs,  stiU  rising  from  the  body  of  the  hyold,  but  over- 
lapping the  donal  part  above,  as  it  dote  in  man  (fig.  13).  In 
man  the  body  of  the  hyoid  is  not  as  large  as  it  is  in  the  lower 
primates ;  and  the  chondro-glossus,  when  it  is  present,  has  to  rise 


Fia.  13. — Tongas  mosclei  of  Black  Aim  (Cfnopithecns).  a,  hyo-gloisus 
b,  bssi'gloBana ;  c,  Btylo-glmnu ;  a,  genjo-hjo-elosaus ;  «,  thjro-byojd 
/,  atamo- thyroid  ;  g,  crico-th;roid ;  h,  thyroid  gUnd  ;  j,  omo-h;oid 
k,  BtsTDo-byoid  ;  J,  hyoid  bong ;  m,  thyroid  cartilage. 

from  the  lesser  cornu,  so  that  what  in  the  monkeys  is  a  bacd- 
gloesua  becomes  in  man  a  chondro^lossus. 

The  Omo-hyoid,  as  has  been  pointed  out  by  G^nbaur,  is 
probably  the  lateral  part  of  a  large  muscular  sheet,  of  which  the 
stemo-hyoid  and  -thyroid  are  the  mesial  portions.  I  have 
observed  one  or  two  points  which  sappOTt  this  theory.  Among 
the  porcupines  the  omo-hyoid  is  well  developed  in  the  climbing 
forms  (^kingums  and  Erethiton),  bnt  in  the  ground  forms 
{Hystrix  and  Atherwra)  it  is  usually  absent.  In  one  specimen 
of  the  ordinaiy  poreupne  (JECystrix  crigtaia)  I  found  the  anterior 
(cephalic)  portion  of  Uie  muscle  present  as  a  very  delicate  layer, 
which,  when  it  reached  the  deep  surface  (^  the  atemormaetoid, 
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gradually 'shtided  ofiPdntb  the  cervical  fascia,  instead  of  teing 
continued  on  to  the  scapula.  This,  to  my  mihd,  is  an  evidence 
that  the  cervical  fascia,  or  at  all  events  that  layer  which  passes 
deep  to  the  sterno-maistoid,  ia  the  remains  of  a  large  fibro? 
muscular  sheet,  the  mesial  portion  of  which  always  contains 
muscular  fibres  as  the  sterno-hyoid  and  -thyroid,  while  the  lateral 
part  may  or  may  not  be  muscular.  Another  evidence  of  the 
close  relationship  between  the  oincH  and  sterno-hyoid  is  the 
arrangement  in  Bathyergus,  where'  the  omohyoid  is  continued 
forward  with  the  sterno-hyoid  to  the  mandibular  symphysis. 
Connecting-bands  of  muscle  between  the  sterno-hyoid  and  omo- 
hyoid are  recorded  frequently  in  man :  they  also  occur,  according 
to  Keith,  in  many  monkeys,  and  I  have  seen  one  in  ^  lemur. 

The  omo-hyoid,  in  the  mammalia,  appears  and  disappears  with 
great  freedom,  and  yet  it  is  a  good  muscle  for  classificatory 
purposes,  because  it  is  fairly  constant  in  animals  nearly  allied. 
It  is  present  in  monotremes  and  marsupials,  in  most  ungulates, 
but  not  in  Procavia  (Hyrax),  in  all  the  myomorphine  and  sciuro- 
morphine  rodents,  sometimes  in  the  hystricomorphine,  but  never 
in  the  lagomorphine ;  it  is  also  present  in  the  cetaceans  and  in 
carnivores  belonging  to  the  families  of  the  ursidse  and  mustelidae, 
in  most  insectivora,  in  the  cheiroptera,  and  in  all  the  primatea^ 
It  is  apparently  absent  in  the  edentates,  though  this  order 
requires  to  have  its  myology  worked  up  and  collated,  in  many 
rodents  as  stated  above,  in  most  of  the  carnivora,  with  the  excep- 
tion of  the  two  families  named,  and  it  is  also  absent  in  the 
families  of  the  talpidae,  chrysochloridse,  and  solenodontidae  of  the 
insectivora.  The  fittidy  of  this  muscle  in  the  mammalian  series 
will  give  one  a  very  good  idea  of  how  often*  the  presence  or 
absence  of  a  muscle  depends,  Jiot  on  the  habits  of  its  possessor, 
but  on  the  position  of  that  possessor  in  the  animal  scale.  The 
ordinary  digging  mole  (Talpa)  has  no  omo-hyoid,  neiflier  has  the 
aquatic  desman  {Myogale),  which  is  closely  related  to  it.  On 
the  othet  hand,  the  burrowing  strand  mole  (Bathyergtis),  the 
arboreal  dormouse  {Myoxus)^  the  aquatic  vole  (Micrdtus),  and  the 
leaping  gerbille  all  possess  omo-hydids,  because  they  are  aU 
myomorphine  rodents.    The  presence  or  absence  of  an  omo-hyoid 

,    '        '  "  -  r  •  .       *  - 

}  I  have  lately  foand  it  wanting  in  the  spider  monkey  (Atoles),  but  this  may 
1)6  an  alinormality.    •  ^    ^  / 


THE  MUSCLES. OF  HAMliAL&.  44 1 

soems  to  be  quite  independent  of  the  degree  of  development  of 
the  clavicte,  since  it  is  present  in  the  non-filaviculate  ungulatea, 
in  potamogale,  the  only  insectivore  which  has  no  clavicle,  as  well 
as  in  the  cheiroptera  and  primates  in  which  the  clavicle  is  well 
developed. 

The  central  tendon  of  the  omo-hjoid  is  a  structiu-e  which  has 
given  rise  to  a  good  deal  pf  discussion.  In  by  far  the  greater 
number  of  the  lower  mammi^ls  the  muscle  is  riband-like  and  runs 
back  from  the  hyoid  to  the  anterior  bdrder  of  the  scapula  with- 
out forming  a  definite  angle,  the  mesial  border  of  the  omo-hyoid 
lying  close  to  the  lateral  border  of  the  stetno-hyoid  and  -thyroid ; 
it  is  only  in  the  cheiroptera  and  primates  that  a  constant  fibrous 
intersection  is  present  Macalister  has  pointed  out  that  in  the 
ordinary  insectivorous  bats  (vespertilionidse)  the  muscle  is  slen- 
der and  biventral,  in  the  fruit  bats  (pteropoflidse)  it  has  a  very 
short  central  tendon,  while  in  the  vampires  .(phyllostomatidae) 
the  muscle  is  large  and  the  intersection  a  mere  streak.  In  the 
lemurs  an  intersection  may  or  may  not  be  present.  Keith  found 
it  in  the  slow  lemur,  Mivart  and  Murie  came  across  it  once  in 
nine  specimens  recorded,  and  I  have  seen  it  once  i|i  three  lemurs 
which  I  have  dissected. 

Among  the  monkeys  and  apes  there  is  a  great  deal  of  varia- 
bility. The  intersection  is  rare  in  the  cynomorphoUs  monkeys, 
while  in  the  anthropomorpha  it  is  much  commoner,!  and  in  the 
chimpanzee  is  always  present.  ^  Taking  into  account  the  late 
appearance  of  this  iiltersection  in  the  mammalian  seri^,  we  are 
not  surprised  to  find  several  recorded  cases.of  human  omo-hyoids 
in  which  it  is  entirely  absent.  The  long  intermediate  tendon, 
which  is  so  characteristic  of  man  and  many  bats,  must  be  due, 
I  think,  to  the  dorsal  position  of  the  scapulae  and  the  increased 
breadth  of  the  shouldei-s.  These  tend  to  draw  the  more  caudal 
part  of  the  muscle  away  from  its  original  line :  the  fibrous  inter- 
section would  be  more  closely  continuous  with  the  surrounding 
fascia  than  the  fleshy  part,  ccmsequently  that  would  be  the  point 
at  which  the  bend  in-  the  muscle  would  occur.  After  the  bend 
had  been  established  there  would  be  intermittent  traction  on  the 
portion  of  fascia  lying  betwieeii  the  intersection  and  the  proximal 
■end  of  the  clavicle,  which  would  lead  to  its  thickening,  and 
ev^ntdally  one  wo)tQd'  expect  dpu^ey-llke  strap  tot  be  formed,  si 
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18  the  case  witb  the  mtucles  in  froot  of  the  ankle.    This  sttap, 
by  its  preaaurfi,  would  tend  to  convert  the  mnacle  adjacent  to  the 


Tia.  14. — Shoulder  diumIm  of  Lamar,  a,  omo-tntchelUn  ;  h,  cl«idonMttoid  ; 
e,  itomo  mutoid  ;  d,  tnpeiina ;  «.<'.<",  thrM  parts  of  deltoid ;  g,  toni 
major ;  k,  tTicejja ;  J,  IstiuimoB  docsL 

intersection  into  fibrous  tissue.  Tins,  of  course,  is  a  theoretical 
explanation  of  the  formation  of  the  bentral  tendon  of  the  onio- 
hfoid,  the  only  fact  at  my  disposal  being  that  a  central  tendon 
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only  occurs  in  animals  with  set-back  scapulEe  and  broad  shoulders. 
If  the  theory  prove  tenable  in  the  light  of  fresh  facts,  it  will  tiar- 
mouise  existing  views;  for  some  regard  the  central  tendon  of  the 
omo-hjoid  as  a  myocomma  between  two  myotomes,  others  as 
fibrous  tisBue  produced  by  pressure.  If  the  tendon  were  pro- 
doced  by  pressure  between  the  sterno-mastoid  and  scalenes,  we 
should  expect  those  muscles  also  to  show  some  signs  of  it  in  the 
development  of  fibrous  tissue  where  thej  are  in  contact  with  the 
omo-hyoid  tendon. 


fiUN.CffP, 
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Omo-trachdian  (Levator  claviculse). — This  is  a  very  constant 
muscle  in  mammals  (fig.  14),  but  it  only  occurs  as  an  abnormality 
in  man  The  most  usual  origin  is  from  the  transverse  process  of 
the  atlas,  but  in  certain  animals  {e.g.,  hystricomorphine  rodents) 
it  rises  from  the  baai-occipital  hone  dorsal  to  the  attachment  of 
the  scalenus  ventralis,  which  in  these  animals  comes  from  here 
also.  Its  insertion  into  the  acromion  or,  when  it  is  present,  the 
metacromion  process  is  very  constant,  the  only  two  exceptions 
with  which  I  am  familiar  being  the  anthropoid  apes  and  the  bats. 
In  these  the  muscle  is  inserted  into  the  outer  end  of  the  clavicle, 
and  I  have  little  doubt  that  the  change  is  due  to  the  great 
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broadening  and  setting  back  of  tbe  Bhoulders  in  these  animala 
When  the  omo-trachelian  occurs  in  man  it  has  the  same-origin 
and  insertion  as  in  the  anthropoids,  rising  from  the  atlas  and 
sometimes  the  axis,  and  being  inserted  into  the  outer  end  of  the 
clavicle.  At  its  insertion  the  muscle  is  on  the  same  plane  as  the 
trapezius,  and,  I  think,  should  be  regarded  as  part  of  the  same 
sheet,  which  had  to  seek  a  deeper  origin  than  the  rest  It  is 
always  supplied  by  the  2nd,  3rd,  or  4th  cervical  nervea  Its 
absence  in  man  suggests  that  in  the  erect  position  it  is  no  longer 
needed ;  possibly  its  chief  fimction  in  the,  lower  mammals  is  to 
iix  the  scapula  for  the  long  head  of  the  triceps  to  act  from  in 
quadrupedal  locomotion.  This  seems  the  more  probable,  in  that 
the  long  head  of  the  triceps  is  proportionately  much  smaller  in 
man  than  in  most  other  mammals. 

Bhomhoidetis  profutidus, — This  is  another  muscle  which  has 
often  been  described  as  a  second  or  dorsal  part  of ,  the  omo- 
trachelian  (fig.  15).  It  runs  from  the  transverse  process  of  the 
atlas  to  the  vertebral  end  of  the  spine  of  the  scapula,  and  is 
never,  as  far  as  I  know,  found  as  a  distinct  abnormality  in  man, 
but  is  possibly  fused  with  the  levator  anguli  scapulae.  Windle 
and  I  found  it  very  constantly  as  a  distinct  muscle  in  the 
mustelidae  or  weasel  family  of  the  carnivora,  while  in  the  other 
families  it  was  either  absent  or  blended  with  the  levator  anguli 
scapulae  or  rhomboids.  From  its  relations,  we  thought  it  must 
be  a  deep  portion  of  the  rhomboid  plane.  I  mention  it  here  as 
an  evidence  of  the  value  of  muscles  for  classificatory  purposes. 

{To  he  continued,) 


A  PEELIMINAEY  INVESTIGATION  OF  THE  INFLU- 
ENCE OF  BODY-POSTUEE  ON  THE  POSITION 
AND  SHAPE  OF  ABDOMINAL  AND  THOEACIC 
OEGANS.»  By  Arthur  Keith,  M.D.,  F.E.C.S.,  Senior 
Demonstrator  of  Anatomy,  London  Hospital  Medical  College. 

I.  the  Object. 

The  object  was  to  ascertain  whether  the  form  of  the  abdominal 
and  thoracic  viscera,  as  modelled  by  His,  and  as  described  by 
Symington,  Cunningham,  and  Birmingham,  and  adopted  in  text- 
books, is  true  not  only  when  the  organs  are  fixed  with  the  subject 
lying  horizontally  on  its  back,  which  was  the  position  in  which 
these  observers  fixed  their  subjects,  but  also  holds  true  when  the 
subject  is  hardened  in  other  positions,  as  on  the  side  or  face,  or 
upright  on  the  head  or  feet.  In  other  words,  it  was  to  see  if 
organs  like  the  liver  and  spleen  retain  the  shape  which  we  now 
consider  normal,  when  the  body  is  placed  in  different  postures, 
or  whether,  to  any  extent,  they  assume  a  new  form,  with  each 
change  of  posture.  It  was  found  that  they  do  change  in  shape 
as  well  as  position,  but  many  points  have  to  be  taken  into  con- 
sideration to  determine  the  exact  influence  of  body-posture  on 
the  shapes  of  organ& 

II.  The  MateiHaL 

Altogether  about  100  bodies  have  been  preserved  by  the 
formalin  method  at  the  London  Hospital  Medical  College,  the 
subjects  being  injected  as  they  lay  on  the  back,  and  hence  the 
organs  were  hardened  and  fixed  in  the  position  and  shape  they 
assume  in  a  supine  body.  With  the  exception  of  observations 
made  by  Drs  Sequeira  and  Leaf  on  the  relationship  of  the 
liver  and  spleen  to  the  surface  of  the  body,  which  they  will 
publish  soon,  no  systematic  record  of  these  bodies  was  kept,  but 
there  was  no  overlooking  the  fact  that  there  was  an  enormous 

^  Bead  at  the  February  meeting  of  the  Anatomical  Society,  1898. 
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amount  of  individual  variation  in  the  shape  and  position  of 
organs,  and  that  the  sexual  difference  was  so  great  that  a  descrip- 
tion applicable  to  man  would  not  hold  true  for  woman.  In  the 
series  of  bodies  to  which  the  present  investigation  applies,  there 
were  included : — 

1.  Woman,     45  ym.,    pleuritic  adhesions,  .    hardened  on  back. 

2.  ,,  65  yrs  ,     tub.  and  adh.  of  right  lung  . 

3.  „  65  yrs.,     no  adhesions, 

4.  Man,     .     70  yrs.,    no  adhesions, 

B.       „  68yrs.,}°^^  S^^^^^^  ^^   "6^*    ^'"''^X 

"  )     Ai>d  sarcoma,     •        ,        .J 

6.  „  65  yrs.,    no  adhesions,        ...  „  face. 

7.  ,,  60  yrs.,     right  lung  solid  and  adherent,  „  ,, 

8.  ,,  50  yrs.,    old  pleurisy  and  pericarditis,  ,,  right  aide. 

9.  Woman,    45  yrs.,  ,,  on  right  side, 

10.  Man,     .     S5yrs.,  ,,  „ 

11.  Woman,    60  yrs.,     no  adhesions,         .        • 

12.  ,,  60  yrs.,     slight  pleuritic  adhesion, 

13.  ,,  55  yrs.,     no  adhesions, 

14.  Man,     •    60  yrs.,     adhesion  of  right  pleura. 


I*  It 


It  »» 

„         left  side. 

If  II 

vertical,  head  down. 

feet  down. 


fi 

if  It 


Thus  only  14  bodies  were  systematically  examined,  and  individual 
variations  being  so  numerous,  the  series  is  too  small  to  afford 
ground  for  more  than  a  mere  preliminary  statement 

III.  The  Method. 

The  body  was  placed  on  the  injecting  table,  in  whatever  posi- 
tion it  was  desired  to  fix  the  organs,  immediately  on  its  delivery 
by  the  undertaker,  and  into  a  carotid  or  femoral  artery,  which- 
ever the  position  made  most  convenient,  was  injected  5  litres  of 
a  formalin  mixture  (-1  formalin,  -05  carbolic  acid,  '05  glycerine, 
•8  water).  The  body  was  thus  preserved  and  its  organs  hardened. 
The  body  was  allowed  to  lie  for  over  three  hours  in  the  position 
in  which  it  had  been  injected,  in  order  that  the  organs  might 
become  completely  fixed  in  the  forms  they  then  assumed.  The 
body  was  kept  in  a  tank  until  it  was  required  in  the  dissecting- 
room. 

Eecords  were  kept  in  the  following  manner.  The  body,  when 
it  reached  the  dissecting-room,  was  placed  on  its  back;  the  table 
on  which  it  lay  was  tilted  up  so  that  the  subject  assumed  a 
partially  upright  position;  a  frame  divided  by  wires  into  inch 
Bquares  was  placed  over  the  body  and  an  outline  made,  life  size, 
on  paper,  also  divided  into  inch  squares.    When  the  dissectors 
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exposed  the  sternum,  ribs,  crest  of  the  ilium,  etc.,  the  body  and 
frame  were  replaced  in  their  former  positions,  and  the  parts 
exposed  filled  in  the  drawing.  As  the  heart,  liver,  lungs,  spleen, 
and  kidneys  were  exposed  they  also  were  filled  in,  so  that  in  the 
final  drawing  all  the  surface  markings  and  organs  of  the  body 
\<^ere  shown  in  their  relationships  to  each  other,  as  seen  from  the 
front.  The  shape  and  surfaces  of  the  organs  noted  were  also 
kept  after  they  were  removed  from  the  body. 

IV.  Circumstances  which  render  it  difficult  to  say  how  far  the 
Shape  of  Intern^  Organs  d^ends  on  Body-posture,  and  which 
make  it  difficult  to  say  how  far  the  Chan/ges  observed  in  the 
Bead  represent  similar  Alterations  in  the  Living. 

The  consistence  of  organs  like  the  liver  and  spleen  is  softer 
and  more  plastic  in  bodies  some  time  dead  than  in  the  living. 
Two  surgeons  of  the  London  Hospital — Mr  Dean  and  Mr  J. 
Hutchinson,  jun. — ^whom  I  consulted  on  the  point  were  both 
positive  as  to  the  liver  in  life  being  a  firmer  organ  than  that  seen 
in  the  post-mortem  room,  and  therefore  an  organ  that  would 
change  in  shape  to  a  greater  extent.  From  some  observations 
I  made  on  the  livers  of  dc^,  a  coagulation  of  the  liver,  not  very 
marked,  sets  in  after  death,  and  disappears  before  the  limbs  lose 
their  rigidity.  In  all  the  subjects  included  in  this  investigation 
rigor  mortis  had  left  the  limb  muscles,  and  it  may  be  safely  con- 
cluded had  also  left  the  viscera. 

Yet  one  other  circumstance  prevents  the  application  of  facts 
ascertained  from,  viscera  of  the  dead  to  the  living,  namely,  in  life 
the  blood  pressure  keeps  the  organs  more  or  less  distended  and 
taut  within  their  capsules ;  there  is  the  same  difference  in  rigidity 
between  a  living  and  dead  organ  as  between  a  full  and  a  partially 
full  bladder. 

Many  circumstances  increase  the  difficulty  of  determining  the 
influence  of  body-posture  on  the  shape  of  organa  Besides  having 
to  allow  for  a  great  sexual  difference,  and  the  state  of  distension 
of  the  stomach  and  colon,  which  Professor  Symington  has  shown 
to  be  a  powerful  factor  {Edin.  Med.  Joum,,  Feb.  1888),  for 
alterations  caused  by  enlargements  or  adhesions,  the  results  of 
disease,  there  still  remains  a  great  individual  variation  which 
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obscures  the  modifications  in  the  shape  of  organs  resulting  from 
body-posture.  Only  the  examination  of  a  series  four  or  five 
times  as  lai^  as  the  one  I  have  examined  could  eliminate  indi- 
vidual inconstancies.  Yet  the  position  in  which  the  subject  is 
hardened  undoubtedly  is  one  factor  in  determining  the  position 
and  shape  of  organs. 

V.  The  Viscera  of  the  two  Subjects  hardened  on  the  Left  Side. 

The  two  subjects  hardened  on  the  left  side  showed  more 
marked  changes  than  any  of  the  series  examined.  The  posterior 
surface  of  the  liver  was  reduced  to  a  rounded  border,  the  organ 
was  greatly  flattened,  resembling  the  figures  formerly  given  in 
text-books.  It  came  in  contact  with  the  whole  extent  of  the 
epigastric  region  of  the  abdominal  wall,  its  lower  border  passing 
from  the  convexity  of  the  9th  left  costal  cartilage  to  2  inches 
below  the  convexity  of  the  10th  right.  The  spleen,  an  oi^n  of 
most  inconstant  shape,  was  flattened  and  oval,  more  so  than  is 
usually  the  case  in  bodies  hardened  in  the  supine  position.  In 
the  woman's  body  the  right  ventricle  was  in  complete  apposition 
with  the  sternum  and  left  cartilages,  and  so  was  over  a  third  of 
the  ftdl  extent  of  the  left  ventricle ;  in  fact,  the  heart  lay  against 
the  7th,  8th,  9th,  10th  ribs  from  the  sternum  to  the  anterior 
axillary  line.  In  the  man's  body,  the  displacement  to  the  left 
was  not  marked ;  perhaps  an  inch.  It  must  be  remembered  that 
the  arteries  had  been  injected  with  plaster  of  Paris,  and  this  is 
probably  also  a  disturbing  factor ;  but  Professor  Haycraf t  {Jouni, 
PhysioL,  vol.  xix.  pp.  496-506)  found  a  very  distinct  displace- 
ment of  the  hearts  of  dogs  hardened  on  their  left  sides  compared 
with  dogs  hardened  on  their  back& 

VI.  The  Viscera  of  Subjects  hardcTied  on  the  Right  Side. 

The  organs  resemble  those  of  bodies  hardened  in  the  supine 
position,  except  that  the  liver  is  more  distinctly  triangular  in 
shape,  the  right  surface  of  the  liver  meeting  at  a  prominent 
border  with  the  upper  surface.  In  both  cases,  the  whole  of  the 
right  auricle  and  part  of  the  right  Ventricle  lay  to  the  right  of 
the  sternum.  In  the  case  of  the  woman,  the  spleen  was  trian- 
gular in  shape,  the  base  or  the  colic  border  being  the  longest, 
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while  in  the  case  of  the  man  this  organ  was  flat  and  oval,  and 
lay  completely  in  the  costo-vertehral  recess. 

VII.  The  Organs  of  Subjects  hardened  on  the  Face. 

In  one  case  the  liver  was  small  and  cirrhotic ;  the  heart  was 
displaced  to  the  right  to  the  extent  of  at  least  an  inch,  and 
descended  behind  the  ensiform  process  for  IJ  inches.  In  this 
case,  and  also  in  the  other,  the  right  kidney  was  almost  com- 
pletely covered  by  the  right  lobe  of  the  liver,  and  the  spleen, 
which  was  triangular  in  shape,  with  a  short  colic  border,  was 
evidently  displaced  forwards. 

VIII.  The  Organs  of  the  Body  hardened  in  the  Vertical  Posture, 

Head  down. 

The  small  bowel  was  drawn  completely  out  of  the  pelvis,  and 
the  rectmn,  uterus,  and  ovaries  exposed  on  opening  the  abdomen. 
The  liver  rose  to  the  level  of  the  lower  border  of  the  3rd  right 
costal  cartilage,  and  its  upper  surface  was  dome-shaped,  corre- 
sponding to  the  dome  of  the  diaphragm.  It  was  a  woman's 
body,  and  yet  the  liver  had  almost  completely  receded  within  the 
costal  margin.  The  displacement  of  the  liver  upwards  on  the 
right  side  had  pushed  the  heart  towards  the  left.  The  liver 
covered  only  half  of  the  anterior,  surface  of  the  right  kidney. 
The  spleen  was  flat  and  oval,  resembling  closely  the  model  of  that 
organ  by  His. 

IX.  The  Organs  of  Subjects  hardened  in  a  Vertical  Position^ 

Feet  down. 

In  the  case  of  both  the  man  and  woman,  the  upper  border 
of  the  liver  corresponded  to  the  lower  border  of  the  fifth  rib ; 
in  the  man  it  extended  1  inch  below  the  right  costal  margin ; 
in  the  woman  2\  inches.  The  spleen  in  both  cases  was  long  and 
oval,  but  of  prismatic  shape,  the  three  main  surfaces  being  about 
equal  in  extent.  In  both  caBes  about  half  of  the  anterior  surface 
of  the  kidney  was  covered  by  the  liver. 

Only  some  of  the  more  marked  changes  have  been  stated  here. 
Excepting  when  the  body  is  hardened  on  its  left  side,  there 
appears  to  be  no  great  alteration  in  shape  of  the  organs;  a 
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much  larger  series  of  bodies  must  be  examined,  and  the  results 
of  the  examination  substantiated  hj  clinical  observations  made 
on  the  living,  to  determine  the  minor  changes  caused  by  posture. 

X.  Paints  of  some  dinieal  interest  that  toere  observed. 

It  is  possible  that  the  greater  area  of  heart  that  comes  in 
contact  with  the  chest  wall  when  the  patient  is  turned  on  his 
left  side  mi^t  be  of  some  utility  for  the  more  accurate  locali- 
sation, by  auscultation,  of  cardiac  le^onsw  The  patient  might  be 
placed  in  such  a  posture  between  two  pillows  or  beds. 

K  a  description  of  the  normal  liver  of  the  female  were  to  be 
drawn  from  the  bodies  of  this  dissecting-room,  it  would  be 
described  as  an  organ  extending  on  the  right  side  to  within  an 
inch  of  the  iliac  crest,  with  behind  it  a  wedge-shaped  kidney, 
which  has  its  thin  apex  above,  its  thick  rounded  base  below, 
reaching  to,  or  beyond,  the  iliac  crest. 

There  is  one  point  in  connexion  with  the  description  of  the 
spleen  that  ought  to  be  noted,  namely,  that  there  are  two  quite 
distinct  clinical  areas  on  its  diaphragmatic  surface, — the  anterior 
half,  which  lies  beneath  the  ribs,  and  which  can  be  marked  out 
by  percussion ;  the  posterior  half,  which  lies  in  the  left  dome  of 
the  diaphragm,  and  which  cannot  be  marked  out  by  percusssion. 

In  twelve  of  the  fourteen  bodies  examined,  the  sigmoid 
flexure  was  on  the  surface,  lying  against  the  abdominal  wall 
above  Poupart's  ligament  of  the  left  side.  The  vermiform 
appendix  and  the  transverse  colon  did  not  occupy  the  same 
position  in  any  two  of  the  fourteen  bodie& 

There  are  one  or  two  points  in  connexion  with  the  stomach 
worth  recording.  If  the  body  be  injected  before  post-mortem 
relaxation  of  the  walls  of  the  alimentary  canal  has  set  in,  the 
condition  of  systole  or  diastole  c^  the  gut,  whichever  state  the 
bowel  happens  to  be  in  at  death,  is  preserved  Nearly  always  a 
constriction,  sometimes  obscure,  at  other  times  very  well  marked, 
divides  the  stomach  into  a  very  small  pyloric  part  and  a  very 
large  cardiac  part  The  constriction  was  present  in  six  out  cf 
the  fourteen  bodiea  In  one  woman  a  long,  hour-glass  constric- 
tion, corresponding  to  the  constriction  of  the  liver  caused  by 
tight-lacing,  was  present,  so  that  one  half  of  the  stomach  lay 
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above  the  waist,  the  other  below.  The  stomach  may  descend  to 
the  umbilicus,  as  is  seen  in  patients  by  special  methods  of  ex- 
amination, and  yet  not  be  enlarged.  It  is  elongated,  but  what  it 
gains  in  length  it  loses  in  width.  As  Treves  found  already,  there 
was  no  regular  disposition  of  the  small  bowel 

I  must  express  my  indebtedness  to  students  of  the  London 
Hospital  for  the  assistance  they  gave  me. 


THE  SHAPE  AND  POSITION  OF  THE  BLADDER  IN 
THE  CHILD.  By  A-  Bibmingham,  M.D.,  Professor  of 
Anatomy,  Catholic  University,  DuUin, 

In  the  year  1889,  soon  after  the  publication  of  Professor  Syming- 
ton's work  on  the  Anatomy  of  the  Child,  I  commenced  an 
investigation  into  the  shape  and  position  of  the  child's  bladder, 
by  what  I  believe  was  then  a  new  method  The  difficulty  of 
procuring  suitable  material  was  so  great  that  after  continuing  the 
work  for  nearly  two  years,  during  which  time  only  six  bodies  of 
a  proper  age  were  available,  I  finally  suspended  operations,  in  the 
hope  of  being  able  to  carry  my  investigations  to  a  more  satis- 
factory termination  at  some  future  time,  a  hope  which,  so  far, 
I  regret  to  say,  has  not  been  fulfilled  However,  as  there  seems 
at  present  to  be  no  immediate  prospect  of  suitable  material  com- 
ing into  my  possession,  I  have  decided  to  publish  a  short  account 
of  the  work  so  far  as  it  has  gone. 

Although,  in  approaching  the  subject,  I  recognised  fully  the 
invaluable  aid  which  the  sectional  method  has  given  to  anatomical 
research,  still  I  felt  that  it  was  possible  to  overrate  this  aid,  and 
to  place  too  much  reliance  on  its  results,  were  they  not  checked 
by  different  methods.  A  frozen  section  shows  perfectly  the  rela- 
tions of  a  part  or  organ  in  any  given  plane,  but  much  as  to  the 
general  shape  and  surroundings  remains  to  be  made  out  by  other 
meana  In  the  bladder  particularly  this  seemed  to  be  the  casa 
I  consequently  sought  for  some  new  method  of  examining  this 
organ  in  the  child,  hoping  thereby  to  be  able  to  corroborate  the 
results  which  Professor  Symington  hacj  obtained  by  the  sectional 
method,  and,  perhaps,  to  add  somewhat  to  our  knowledge  of  the 
organ. 

After  some  consideration  of  the  subject,  I  hit  upon  a  plan 
which,  it  seemed  to  me,  was  likely  to  yield  satisfactory  results. 

Method. 

My  idea  was  to  inject  the  bladder  to  a  state  of  natural  disten- 
sion with  some  material  of  about  the  same  specific  gravity  as 
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urine,  which  would  soon  solidify,  and  which  would  be  elastic 
enough  to  regain  its  shape  if  slightly  disturbed.  After  injecting 
the  bladder  and  allowing  the  injected  material  to  set,  the  ab- 
domen was  to  be  opened,  the  level  of  peritoneal  reflection 
observed,  and  a  cast  made  of  the  bladder  with  the  surrounding 
parts  in  sUu.  The  bladder  was  then  to  be  removed  with  as  little 
disturbance  of  its  shape  as  possible,  having  previously  marked  on 
it  the  level  of  the  pelvic  brim,  and  a  cast  of  it  also  made. 
Finally,  the  injected  organ,  after  removal  and  casting,  was  to  be 
cut  across  at  the  level  of  the  pelvic  brim,  and  the  amount  of 
injection  contained  above  and  below  the  brim  measured. 

The  first  difficulty  in  carrying  out  this  plan  was  the  selection 
of  a  suitable  injecting  material.  Plaster  of  Paris  was  first  tried, 
and  rejected,  owing  to  its  great  weight,  which  produced  decided 
distortion,  and  for  other  reasons.  Finally,  however,  a  solution 
of  gelatine  was  considered  the  most  satisfactory,  and  was  accord- 
ingly selected.  It  is  light,  easily  manipulated,  it  solidifies  with 
sufficient  rapidity,  and  it  is  possessed  of  a  most  important 
quality  for  such  purposes  as  the  present,  namely,  it  is  extremely 
elastic,  and  quickly  regains  its  original  shape  when  disturbed. 

Another  difficulty  was  the  quantity  to  be  injected.  At  first  it 
was  simply  guessed  by  the  amount  of  resistance  ofifered  to  the 
syringe  during  injection,  which  was,  of  course,  a  very  unsatisfac- 
tory method.  Next,  an  attempt  was  made  to  inject  with  the  aid 
of  a  bent  tube  to  a  measured  pressure  of  so  many  inches  of  jelly, 
but  owing  to  the  viscid  nature  of  the  injection,  this  was  found 
impracticable  with  the  very  narrow  tubes  which  could  be  fitted 
into  the  small  urethra  of  a  child.  At  length  a  plan  was  devised 
which  removed  this  difficulty.  The  bladder  was  first  emptied  as 
completely  as  possible  with  a  catheter,  then  one  limb  of  a  glass 
tube,  which  was  bent  at  right  angles,  was  introduced  into  the 
urethra,  and  water  poured  through  it  into  the  bladder,  until 
finally  it  stood  at  a  given  pressure,  say  6  inches,  in  the  vertical 
limb  of  the  tube  outside  the  urethra.  The  water  was  then 
drawn  oflF  and  measured,  and  a  quantity  of  jelly  exactly 
equal  to  the  water  drawn  off  was  introduced  into  the  bladder, 
either  with  a  syringe  or  through  the  tube.  Unfortunately 
I  was  unable  to  find  any  table  of  the  normal  pressure  within  the 
distended  bladder  of  the  child  at  different  ages.    In  fact,  the 
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only  information  I  could  obtain  on  the  subject  of  the  intra- 
vesical pressure  was  the  well-known  statement,  found  in  most 
physiological  text-books,  that,  with  the  spinal  cord  intact,  tile 
bladder  (of  the  adult)  can  withstand  a  pressure  of  twenty  inches 
of  water,  but  when  the  connexions  with  the  cord  are  severed,  it 
is  capable  of  withstanding  a  pressure  of  only  six  inches.  From 
these  slender  data  I  had  to  form  my  conclusions  as  to  what  the 
pressure  might  be  in  the  child  at  various  ages.  After  making  a 
few  injections  under  a  fixed  and  predetermined  pressure,  I  ob- 
served certain  facts  in  connexion  with  the  injection  which 
seemed  to  afiford  a  simple  and  satisfactory  method  of  determining 
the  normal  full  distension  of  any  particular  bladder. 

I  found,  on  injecting  the  water,  that  up  to  a  certain  point  fluid 
flowed  freely  into  the  bladder,  even  with  a  very  small  pressure  in 
the  vertical  limb  of  the  tube,  and  that  every  slight  increase  in 
pressure  was  immediately  responded  to  by  tiie  entrance  of  more 
fluid.  When,  however,  this  critical  point  was  reached,  even  a 
considerable  increase  in  the  pressure  caused  comparatively  little 
more  fluid  to  enter  the  organ.  This  point,  it  appeared  to  me, 
indicated  the  full  normal  distension  of  the  bladder. 

Having  injected  the  bladder,  first  with  water  and  then  with 
jelly,  in  the  method  just  described,  the  body  was  placed  on  its  back 
on  a  sloping  surface,  and  set  aside  to  allow  the  jelly  to  solidify. 
When  sufficient  time  had  elapsed  for  this  to  take  place,  the 
abdomen  was  opened  in  the  following  way: — A  vertical  in- 
cision was  made  on  each  side,  from  the  thorax  to  pelvis,  about 
I  inch  from  the  middle  line.  This  went  at  once  through  all  the 
layers  of  the  abdominal  wall.  Transverse  cuts  were  also  made 
on  either  sida  There  remained,  when  the  cavity  had  been  thus 
exposed,  a  median. band  of  the  anterior  abdominal  wall  extending 
from  thorax  to  pubes ;  on  the  back  of  this,  the  level  of  peritoneal 
reflection  was  carefully  noted.  The  band  was  then  cut,  and  re- 
flected up.  and  down.  A  long,  sharp  pin  was  now  driven  throu^ 
the  symphysis  pubis  and  through  the  bladder  until  the  point  was 
lodged  in  the  sacrum  posteriorly — this  is  to  prevent  any  movement 
of  the  organ.  The  sacro-vertebral  angle  and  the  upper  margin  of 
the  symphysis  pubis  having  been  carefully  defined,  two  small 
pins  were  inserted  into  the  bladder,  on  the  back  and  front, 
exactly  opposite  these  pointa     In  this  way  the  level  of  the  pelvic 
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biim  was  distinctly  marked  on  the  bladder.  Then — the  intestines, 
with  the  exception  of  the  sigmoid  flexure  and  the  rectum,  having 
been  cautiously  removed  in  some  specimens,  whilst  in  others 
they  remained  undisturbed — a  cast  of  the  abdomen  was  made, 
which  showed  the  position  and  relations  of  the  bladder  and  the 
surroundii]^  structures  in  situ. 

Next,  the  bladder  was  removed,  great  care  being  taken  that  its 
shape  was  not  altered  in  this  process, — a  matter  which,  owing  to  the 
elastic  nature  of  the  injecting  material  used,  gave  rise  to  no  great 
difficulty.  A  thin  twine  was  fixed  around  it  at  the  level  of  the 
pebric  brim,  as  indicated  by  the  small  pins  previously  inserted, 
and  a  cast  of  the  organ  thus  prepared  was  made.  This  cast 
showed  the  size  and  shape  of  the  bladder;  and  the  encircling 
twine,  which  in  the  cast  appeared  as  a  slightly  elevated  ridge, 
indicated  the  line  along  which  the  plane  of  the  pelvic  brim  inter- 
sected the  bladder,  and  showed  at  a  glance  how  much  of  the 
organ  lay  in  the  pelvis  and  abdomen  respectively. 

Finally,  after  the  cast  of  the  bladder  had  been  made,  the 
injected  organ  was  cut  across  along  the  twine,  that  is,  along  a 
plane  corresponding  to  the  brim  of  the  pelvis,  and  the  jelly  in 
each  resulting  part  was  melted  separately  and  measured.  This 
gave  exactly  the  amount  of  the  contents  of  the  injected  bladder 
which  lay  above  and  below  the  pelvic  brim  respectively. 

Results. 

I  shall  here  detail  briefly  the  chief  points  conceruing  each  of 
the  specimens,  and  then  state  the  conclusions  to  which  I  have 
come  from  an  examination  of  the  8erie&  Unfortunately,  two  of 
the  bladders — those  of  a  one  day,  and  of  a  nine  months  old  child 
— got  injured  during  or  after  removal,  consequently  casts  of 
these  are  wanting. 

No.  1.  MaU  Child  one  day  old. — Urine  drained  off  by  catheter, 
jelly  injected,  amount  of  injection  judged  by  resistance  offered. 
(In  passing,  it  may  be  remarked  here,  that  as  a  rule,  in  males,  I  slit 
open  the  urethra  along  its  ventral  aspect  fully  down  to  the  base  of 
the  penis,  in  order  to  facilitate  the  introduction  of  the  injection.) 

In  this  case  the  distension  of  the  bladder  seems  to  have  been 
complete, — possibly  excessive.  The  abdomen  was  opened  in  the 
maimer  described  above ;  the  reflection  of  the  peritoneum  from  the 
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bladder  on  to  the  anterior  abdominal  wall  was  found  to  be  at  a 
point  midway  between  the  umbilicus  and  the  top  of  the  pubes. 
Casts  having  been  made,  as  already  described,  the  bladder  was 
cut  across  at  the  level  of  the  pelvic  brim,  and  the  contents  of 
each  division  measured.  The  part  within  the  pelvis  contained 
4  drms.,  the  part  in  the  abdomen  4  drm&  5  mins. 

On  looking  at  the  cast  of  the  abdomen,  one  is  struck  by  the 
marked  projection  of  the  bladder  into  the  abdominal  cavity ;  and 
from  an  inspection  of  this  specimen,  it  can  easily  be  understood 
how  it  became  the  custom  to  describe  the  bladder  in  the  child  as 
almost  entirely  an  abdominal  organ.  But  this  abdominal  position 
of  the  viscus  is  to  some  extent  apparent  rather  than  real,  as  the 
following  considerations  will  show: — (1)  If  the  cast  of  the  re- 
moved bladder  alone  be  examined,  it  will  be  seen  that  although 
there  is  so  large  a  portion  of  it  in  the  abdomen,  still  much  more 
than  would  be  imagined  from  viewing  the  open  abdomen  lies  within 
the  pelvia  (2)  On  measuring  the  contents,  it  is  seen  that  the 
amount  above  the  pelvis  exceeds  the  amount  within  it  by  only  5 
minims.  (3)  In  the  infant  the  pelvis  seems,  as  it  were,  to  project 
into  the  abdominal  cavity  proper,  probably  on  account  of  the 
slightly  developed  lumbar  curve,  and  the  small  development  of  the 
lower,  or  pelvic,  as  compared  with  the  upper  part  of  the  abdomen. 
(4)  The  bladder  seems  to  project  out  of  the  pelvis  more  than  is 
really  the  case,  on  account  of  the  small  size  of  the  pelvis  relatively 
to  that  of  the  bladder  at  this  time  of  life.  But,  as  shown,  even 
at  the  early  age  of  one  day,  almost  equal  parts  of  the  bladder  lie 
above  and  below  the  level  of  the  pelvic  brim. 

In  shape  this  bladder  is  a  somewhat  elongated  ovoid,  slightly 
flattened  from  above  downward  in  its  pelvic  portion.  The  abdom- 
inal is  a  little  larger  than  the  pelvic  end  or  base,  which  latter 
does  not  project  posteriorly,  even  to  the  faintest  degree,  behind 
the  attachment  of  the  diminutive  prostate;  in  fact,  a  vertical 
line  let  fall  from  the  most  prominent  part  of  the  organ  would  cut 
the  posterior  part  of  the  prostate. 

No.  2.  Male  Child  one  day  old. — The  bladder  was  injected  to 
what  was  judged,  by  the  resistance  and  by  measurements  pre- 
viously made,  to  be  slight  distension.  The  blood-vessels  were 
also  injected  from  the  thorax,  and  the  other  steps  described 
above  carried  out. 
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The  peritoneal  reflection  took  place  one-eighth  of  an  inch 
above  the  mid-point  between  pubes  and  umbilicus.  Some  time 
elapsed  after  the  injecting,  before  the  bladder  was  removed,  with 
the  result  that  it  was  unfit  for  casting. 

The  cast  of  this  abdomen  and  of  specimen  No.  1  show  well  the 
large  triangular  surface  of  the  child's  bladder,  bounded  at  each 
side  by  the  hypogastric  artery,  with  the  base  at  the  pubes,  and 
the  apex  at  the  urachus,  which  lies  in  direct  contact  with  the 
abdominal  wall,  without  the  interposition  of  peritoneum. 

No.  3.  Male  aged  nine  montJis, — Jelly  was  injected  in  the  method 
described  until  a  pressure  equal  to  6  inches  of  water  was  reached. 
On  opening  the  abdomen  the  peritoneal  reflection  was  found  to 
be  situated  at  a  point  1  line  below  the  junction  of  the  lower  and 
middle  thirds  of  the  distance  from  umbilicus  to  pubes.  The 
abdomen  was  cast,  the  bladder  removed,  and  a  mould  of  it  secured, 
which  unfortunately  was  broken  before  a  cast  had  been  obtained. 
A  cast  of  the  removed  bladder  of  this  child  is  therefore  wanting 
in  the  seriea  The  abdomen  shows  the  gradual  sinking  of  the 
bladder  into  the  pelvis  as  the  age  advances :  it  is  neither  abso- 
lutely nor  relatively  so  prominent  as  the  bladder  in  the  child  at 
birth.  The  abdominal  end  was  larger  than  the  part  situated  in 
the  pelvis. 

No.  4.  Male  Child  of  four  years — very  small  for  this  age. — The 
bladder  was  injected  to  a  pressure  of  8  inches  of  water.  The 
peritoneal  reflection  took  place  at  a  point  half  way  between  the 
pubes  and  the  umbilicus.  Casts  having  been  made,  the  bladder 
was  divided,  and  the  contents  of  its  two  parts  measured. 
In  the  pelvis  were  2  oz.  2  drms.,  above  the  pelvis  1  oz.  4  drms. 
50  mins.,  making  a  total  capacity  of  3  oz.  6  drms.  50  mins. 
— not  an  excessive  amount,  in  view  of  the  fact  that  a  child  of 
four  years  may  pass  over  4J  ounces  at  one  micturition.  How- 
ever, as  pointed  out  above,  this  child  was  remarkably  small  for 
his  age. 

The  cast  of  the  bladder,  which  was  certainly  quite  full — if  not 
perhaps  over-distended — is  egg-shaped,  flattened  somewhat  from 
above  downwards,  the  wide  end  of  the  ovoid  being  directed  for- 
ward  and  upward,  the  narrower  end  backward  and  downward. 
This  latter  end  projects  to  a  moderate  extent  behind  the  plane  of 
the  prostate. 
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In  this  case,  instead  of  being  a  true  ovoid,  the  bladder  seems 
to  be  made  up  of  halves  of  two  unequal  ovoids,  joined  about  the 
brim  of  the  pelvis.  The  smaller  half  occupied  the  pelvis,  the 
larger  projected  into  the  abdomen. 

No.  6.  Male  aged  six  morUhs — a  large  child. — Bladder  injected 
with  jelly  to  a  pressure  of  6  inche&  The  peritoneal  reflection 
was  at  the  junction  of  the  lower  and  middle  thirds  of  the  dis- 
tance between  the  umbilicus  and  pubes.  Casts  of  the  abdomen 
and  bladder  having  been  made,  the  bladder  was  removed  and 
divided.  The  pelvic  portion  contained  1  oz.  40  mins.,  the  abdom- 
inal portion  1  oz.  3  drms. 

The  cast  of  the  bladder,  although  of  large  size,  shows,  by  the 
large  amount  which  projected  out  of  the  pelvis,  that  it  belonged 
to  a  young  child.  T^e  shape  is  that  of  an  elongated  and  slightly 
asymmetrical  ovoid,  with  a  wide  end  directed  forward  and 
upward,  and  a  narrow  end  looking  in  the  opposite  direction. 
This  end  projects  slightly  behind  the  plane  of  the  prostate  and 
urethra. 

No.  6.  Male  aged  two  years. — In  this  case  the  bladder  was  first 
emptied  of  urine,  and  injected  with  water  to  a  pressure  of  3 
inches,  at  which  pressure  2  oz.  1  dr.  10  mins.  entered;  the  pressure 
was  then  increased  to  8  in&,  when  only  an  additional  1^  drm& 
entered ;  2  oz.  1  dr.  10  mins.  of  jelly  were  then  injected. 

The  peritoneal  reflection  was  remarkably  low,  namely,  only 
^  inch  above  the  pubes,  the  distance  from  pubes  to  umbilicus 
being  2^  inches.  Casts  having  been  made,  the  division  of  the 
bladder  gave  the  following  results . — in  the  pelvis,  1  oz.  5  drma  ; 
above  the  pelvis,  4  drms.  10  mins.  The  cast  of  the  abdomen 
shows  at  a  glance  that  the  bladder  is  not  nearly  so  prominent  in 
this  case  as  in  the  younger  subjects. 

.  The  cast  of  this  bladder  gives,  I  believe,  a  more  correct  idea 
of  the  shape  of  the  moderately  distended  bladder  of  the  child 
than  any  of  the  others  of  the  series.  The  shape  is  ovoidal,  the 
slightly  larger  end  being  directed  forward  and  upward,  the 
narrower  end  backward  and  downward.  The  outline  is  irr^ular, 
owing  to  the  fact  that  the  bladder  had  been  impressed  by  the 
surrounding  structures ;  and  this  is,  I  believe,  the  natural  con* 
cUtion  of  the  moderately  distended  organ. 
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Conclusions. 

L  As  to  the  leoel  of  the  perito^iecd  refledimi  from  bladder  to 
anterior  oMominal  vxdL     It  was  as  follows : — 

In  two  children,  each  one  day  old :  half  way  between  pubes 
and  umbilicus. 

In  a  six  months  child:  at  the  junction  of  the  lower  and 
middle  thirds  of  the  interval  between  pubes  and  umbilicus. 

In  a  nine  months  child :  at  the  same  level  as  the  preceding. 

In  a  two  years  child  :  one-quarter  inch  above  the  symphysis, 
*.e.,  one-tenth  of  the  distance  between  pubes  and  umbilicus. 

In  a  four  years  child :  half  way  between  the  pubes  and  um- 
bilicus; this  with  a  very  full  bladder  which  would  raise  the  level. 

These  facts  speak  for  themselves :  they  show  the  high  level  at 
birth,  the  gradual  descent,  with  the  occasional  irregularity. 

II.  As  regards  the  position  of  the  bladder. — ^The  casts  give  a 
clear  idea  of  the  extent  to  which  the  bladder  may  be  considered 
an  abdominal  organ  in  the  child  at  various  ages.  It  will  be 
noticed  that  even  at  birth,  when  its  projection  into  the  abdomen 
proper  is  most  marked,  very  little  more  than  half  of  the  organ 
projects  out  of  the  pelvis,  and  this  even  with  a  fully  distended 
bladder;  with  less  distension  there  would  be  relatively  less  of 
the  bladder  in  the  abdomen.  On  examining  the  casts  at  more 
advanced  ages  the  gradual  sinking  into  the  pelvic  cavity  is 
observable  without  interruption,  as  we  pass  from  the  youngest  to 
the  oldest  specimen. 

The  amount  of  jelly  contained  in  the  abdominal  and  pelvic 
portions  of  each  bladder  shows  this  even  more  strikingly.  In 
four  bladders  from  children  of  different  ages,  the  amount  above 
and  below  the  pelvic  brim  was  as  follows : — 

One  day  old :  in  pelvis,  4  drms. ;  in  abdomen,  4  drms.  5  min. 

Six  months  old :  in  pelvis,  1  oz.  40  mins. ;  in  abdomen,  1  oz. 

3  drms. 

Two  years  old :  in  pelvis,  1  oz.  5  drms. ;  in  abdomen,  4  drms. 
10  mins. 
Fo%i/r  years  old :  in  pelvis,  2  oz.  2  drms. ;  in  abdomen,  1  oz. 

4  drms.  50  mins. 

Notwithstanding  all  this,  it  must  be  admitted,  on  looking  at 
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the  cast  of  the  child  one  day  old,  that  the  bladder  in  its  general 
appearance  is,  at  this  age,  very  largely  an  abdominal  organ. 

III.  As  to  the  shape  of  the  child's  bladder. — ^The  shape  of  the 
distended  bladder  within  the  body  will  be  in  great  part  deter- 
mined by  three  factors,  namely,  (1)  the  pressure  within  the 
bladder;  (2)  the  pressure  exerted  upon  it  by  the  surrounding 
structures ;  and  (3)  the  absolute  or  intrinsic  shape  of  the  oi^n 
itself. 

The  intrinsic  shape  of  the  bladder  in  the  child  is,  I  believe, 
approximately  that  of  an  e^  flattened  somewhat  from  above 
downwards,  with  the  slightly  larger  end  directed  upwards  and 
forwards,  and  the  smaller  end  lying  downwards  and  backwards.^ 

Its  assumption  of  this  shape  in  the  body  will  depend  on  the 
pressure  of  its  contents,  as  compared  with  the  pressure  in 
surrounding  parts,  particularly  in  the  rectum.  If  the  pressure 
in  the  rectum  be  greater  than  that  in  the  bladder,  the  former 
will  indent  the  latter,  and  thus  disturb  its  symmetry.  If,  on  the 
other  hand,  the  pressure  within  the  bladder  be  the  greater,  the 
rectum  can  produce  but  little  effect  upon  its  form,  which  will 
then  approach  nearer  to .  a  true  ovoid.  But  this  intravesical 
pressure — which  is,  of  course,  the  result  of  distension,  as  a  rule — 
is  liable  to  produce  asymmetry  in  another  way.  Owing  to  the 
position  of  the  bladder — ^lying  as  it  does  partly  in  the  diminutive 
pelvis  of  this  age,  partly  in  the  more  roomy  abdomen — the  pelvic 
portion  is  surrounded  by  resistant  structures,  and  can  expand 
with  less  freedom  than  the  abdominal  portion,  which,  to  a  large 
extent,  is  free  from  any  such  restraint.  Consequently,  when  the 
1)ladder  is  fully  distended,  there  is  a  tendency  for  the  abdominal 
segment  to  undergo  an  enlargement  out  of  proportion  to  that  of 
the  rest  of  the  organ,  with  a  resulting  disturbance  of  symmetry. 

The  condition  of  the  base  of  the  bladder  varies  at  different 
ages.  In  the  child  at  birth  it  is  very  shghtly  developed,  and 
runs  upward  from  the  posterior  wall  of  the  urethra,  practically 
as  a  vertical  surface,  forming  no  bulging  whatsoever  posteriorly 

'  In  a  mesial  frozen  section  through  such  a  bladder,  the  abdominal  might  appear 
to  be  smaller  than  the  pelvic  end  (although  the  reverse  is  really  the  case),  owing 
to  the  flattening  from  above  downwards  affecting  chiefly  the  abdominal  portion. 
In  other  words,  it  is  only  by  making  sections  in  two  different  planes,  by  a  recon- 
struction method,  or  by  injecting  the  organ  in  situ,  that  the  true  shape  can  be 
realised. 
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over  the  prostate.  At  six  months  it  projects  very  slightly  back- 
wards behind  the  plane  of  the  posterior  wall  of  the  urethra.  And 
at  four  years  the  projection  is  distinct,  behind  both  prostate  and 
urethra,  though  not  great. 

Finally,  taking  the  average  condition  with  moderate  distension, 
the  bladder  of  the  child  under  four  yeara  of  age  may  be  described 
as  being  egg-shaped,  somewhat  flattened  from  above  downward, 
with  the  slightly  larger  end  directed  forward  and  upward,  and 
the  base,  which  is  only  feebly  developed,  projecting  backwards 
very  little,  or  not  at  all,  behind  the  posterior  siu-face  of  the 
prostate. 
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NATURAL  SELECTION,  AS  SHOWN  IN  THE  TYPICAL 
SPEED-SKATEE.  By  R  Tait  Mackenzie,  B.A-,  M.D., 
Demonstrator  of  Anatomy ,  Medical  Examiner,  and  hislrxuAor 
in  Gymnadws,  M'Gill  University,  Montreal.  (With  Two 
Charts.) 

There  is  no  occupation  or  business  in  modem  life  that  illustrates 
better  the  law  of  natural  selection  than  athletic  sports,  par- 
ticularly those  in  which  competitors  are  pitted,  man  against 
man,  at  strenuous  contests  of  speed  and  strength ;  in  which  every 
mechanical  advantage  in  the  insertion  of  tendons  and  the  length 
of  bony  levers  will  count;  and  where,  out  of  hundreds  of 
ambitious  beginners,  but  very  few  survive  to  be  ranked  in  the 
first  class,  and  finally  as  champions. 

Among  the  champions  in  any  particular  branch  of  athletics,, 
there  we  would  look  for  a  development  of  that  type  of  man  who- 
is  best  fitted  for  that  form  of  effort. 

In  the  recently  published  photos  of  Tom  Cooper,  a  champion 
professional  cyclist,  in  Bearin^gs,  p.  1154,  we  see  this  special- 
ised development.  Taking  the  upper  and  lower  halves  of  the 
body,  it  is  incredible  that  they  belong  to  the  same  man,  so* 
small  does  the  development  of  the  back  and  shoulders  appear  in. 
comparison  with  the  magnificent  thighs  and  legs. 

Among  the  wrestlers  we  look  for  the  enormous  extensors  of 
the  neck  and  back,  the  magnificent  torso  and  the  rather  short 
extremities,  with  long  muscles  and  short  tendons  and  elastic 
ligaments,  insuring  the  joints  against  sprains.  Among  the 
bicyclists,  we  look  for  the  deep  chest  and  rounded  back,  poorly 
developed  arms  and  shoulders,  and  enormous  thighs  and  good 
calves.  These  peculiarities  we  find  shown  in  photographs  of 
champion  riders, — as  in  the  example  of  Cooper  above  cited. 

There  is  no  sport  that  shows  this  approach  to  a  type  both  of 
bony  framework  and  muscular  development  better  than  speed 
skating ;  and  here  I  hope  to  show  the  type  that  characterises  all 
the  best  exponents  of  this  form  of  athletics,  which  tests  so  well 
the  qualities  of  speed  and  endurance. 

In  1894 1  had  the  opportunity  of  taking  the  measurements  and 
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^tting  photographs  of  four  of  the  best  amateur  and  of  several 
professional  speed-skaters  at  the  international  skating  races  in 
February  of  that  year.  I  also  got  further  data  on  a  similar 
<xx3asion  two  years  later ;  and  in  1897  there  were  gathered  in 
Montreal  representative  skaters  from  Norway,  Germany,  the 
Uiiited  States,  and  Canada,  for  the  World's  Championship  meet- 
ing, held  on  February  6th  and  7th.  Here  there  was  opportunity 
of  watching  them  at  work  and  of  making  observations,  the 
results  of  which  are  here  set  forth. 

Perhaps  a  brief  review  of  the  action  of  the  stroke  may  be  of 
«ome  assistance  in  explaining  the  peculiar  development  found 
80  constantly  in  these  athletes. 

The  position  for  all  is  practically  the  same.  The  back  hori- 
zontal, with  the  head  well  extended,  the  object  being  to  escape 
wind  friction ;  the  thighs  flexed  to  at  least  a  right  angle ;  the 
arms  Ijdng  folded  across  the  back,  except  when  spurting,  when 
they  are  swung  from  side  to  side,  usually  with  the  elbow  joint 
extended,  and  giving  the  illusion  of  flight  in  their  long  graceful 
sweep.  In  skating,  the  body  moves  from  side  to  side ;  but  in 
watching  a  skater  approach,  the  head  remains  in  the  direct 
line,  while  the  body  only  sways  as  the  weight  is  transferred 
from  one  foot  to  the  other. 

The  stroke  may  be  said  to  begin  at  the  head,  which  is  first 
extended,  then  the  back  is  held  firmly  by  the  action  of 
the  erector  spinse ;  the  thigh  is  then  abducted,  rotated 
outward,  and  strongly  extended,  and  the  knee  is  power- 
fully extended  as  the  push  is  given.  The  main  force  of  the 
stroke  is  delivered  with  the  foot  flat  on  the  ice,  so  that  the 
soleus  and  gastrocnemii  are  used  but  little.  The  drive  from  the 
toe  of  the  skate,  which  finishes  the  stroke  and  gives  an  outward 
swerve  to  the  mark  on  the  ice,  is  delivered  after  the  main  work 
has  been  done  by  the  stronger  muscle-groups  of  the  thigh, 
buttock,  and  dorsum.  The  skates  used  by  all  the  best  men  are 
about  the  same,  having  thin  flat  blades  about  18  inches  long, 
and  with  the  heels  slightly  raised.  These  are  screwed  to  the 
tightly-laced  boots,  and  give  a  secure  attachment  to  the  foot. 

The  distances  skated  vary  from  220  yards  up  to  10,000  metres ; 
for  in  international  contests  the  distances  are  usually  reckoned 
in  metres ;  and  to  be  a  world's  amateur  champion  a  man  must 
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win  tliree  out  of  the  four  distances,  and  must  compete  and 
finish  in  them  all,  bo  that  each  champion  must  have  both  speed 
for  the  short  races  and  endurance  for  the  long. 

The  present  holder  of  the  professional  championship  of  the 
world  is  J.  Nillson,  an  American  of  Swedish  parentage.  He  has 
skated  from  childhood,  and  has  taken  little  other  exercise  except 
swimming,  cycling,  and  a  little  gymnastics.  He  has  been  com- 
peting  in  firstKslasB  meets  for  the  last  five  years. 


In  fig.  I  we  see  the  general  characteristics  of  his  figure: 
deep  chest,  poor  arms,  good  back  and  buttocks,  very  well 
developed  thighs,  and  indifferent  legs. 

The  skating  pose  is  well  shown  in  fig.  2,  which  shows  him 
spurting,  and  with  arms  down.  Here  the  munificently  de- 
veloped muscles  of  the  thigh  are  beautifully  shown,  the  long  flat 
foot,  and  the  strong  loins.  This  is  a  ver>-  characteristic  pose 
when  making  a  final  spiirt  just  at  the  end  of  a  race. 
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Fig.  3  shows  John  S.  Johnson,  who  held  the  title  till  last  year. 
He  is  also  a  swimmer  and  bicj-clist.  The  apparent  flatness  of 
the  cheat  is  accounted  for  by  a  kyphosis  brought  on  by  bicycling ; 
in  fact,  he  is  a  good  example  of  the  bicycle  stoop.  This  man 
has  a  chest  expansion  of  seven  inches.  The  smallaess  of  the 
arms  will  be  noticed,  amounting  almost  to  atrophy.  The  calf 
muscles  measured  one  inch  less  than  when  be  began  skating 
three  months  before  I  saw  hlra.  The  long  tbiglis  are  strong 
and  well  supplied.  The  flatness  of  the  foot  is  also  very  notice- 
abla 


I  will  close  these  reports  with  one  more  example,  that  of 
J.  K.  M'Culloch,  the  present  amateur  champion  of  the  world 
(fig.  4).  In  his  case  the  figure  and  development  of  the  skater 
is  masked,  because  in  summer  he  is  an  oarsman  and  uses  the 
paddle  continually.  He  is  a  gymnast  of  no  mean  ability,  and 
has  been  one  of  the  mainstays  of  the  Winnip^  hockey  team, 
besides  being  a  most  successful  bicycle  racer.  When  the  accom- 
panying photograph  was  taken,  however,  he  had  been  doing 
nothing  but  speed-skating  for  about  four  months,  and  the 
measurement  of  his  calf  hud  decreased  about  an  inch  and  a  half. 
His  th^h  is  very  long  and  the  leg  short,  while  the  muscular 
development  of  the  back,  thighs,  and  buttocks  is  remarkable. 
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There  seems  to  be  in  hie  case  a  special  development  of  the 
tensoT  faaciie  femoris,  well  shown  in  6g.  ».  HIb  chest  is  round 
and  deep.  In  nearly  all  cases  the  thorax  is  of  the  round  barrel- 
shaped  type,  not,  as  a  rule,  admitting  of  very  great  mobility,  but 
always  very  capacious.  In  runners  this  is  the  rule,  while  the 
broad  and  flat  thorax  is  more  characteristic  of  gymnasts  and 
■acrobats,  jumpers  and  pole-vaulters,  where  skill  and  spasmodic 
■effort  is  required  rather  than  endurance. 

The  actual  measurements  of  these  men,  and  of  two  other 


representative  men,  I  have  plotted  on  charts,  that  we  may  see 
graphically  just  where  they  differ  from  the  averi^e  man. 

The  charts  which  accompany  this  are  compiled  from  the 
measurement  of  2300  Yale  students,  taken  by  Dr  Jay  W. 
Seaver.  The  double  lines  at  the  centre  represent  the  figure  at 
which  the  greatest  number  of  measurements  occuned, and  hence 
indicate  the  mean  rather  than  the  average  Yale  student.  The 
heavy  %ures  are  in  the  metric  system,  while  the  others  are  in 
pounds  and  inches  and  teutha 

In  looking  at  the  lines  of  chart  I.,  which  shows  the  measure- 
ments of  the  two  present  champions,  amateur  and  professional, 
one  is  at  once  struck  with  their  similarity :  both  of  them  are 
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surpassed  in  height  by  75  per  cent,  of  young  men,  but  the  length 
of  their  lower  extremity  up  in  the  60  and  65  per  cent,  class  is 
made  up  largely  of  the  long  thighs.  The  next  measurement  of 
interest  is  the  girth  of  the  chest,  which  is  low,  except  when 
inflated :  the  low  chest-girth  is  accounted  for  by  the  poor  pecto- 
rals, by  the  fact  that  they  both  have  the  rounded  barrel-shaped 
deep  chest,  which  does  not  get  justice  by  the  tape-line.  After 
the  girth  of  the  hips,  the  lines  diverge  widely,  showing 
M*Culloch's  very  high  muscular  development  and  Nillson  s  lack 
of  the  same,  particularly  in  the  arms.  The  lines  approach  at 
the  thigh  girths,  which  are  above  average  in  spite  of  their  great 
length. 

M'Culloch's  large  calves,  from  hockey,  cycling,  and  foot-racing, 
here  show  in  contrast  with  the  smaller  calf  of  the  skater  only. 
The  breadth  of  the  neck  and  shoulders  also  show  this  divergence, 
which  is  much  less  in  the  chest  breadth. 

In  both,  the  abnormally  deep  chest  brings  them  to  the  100 
per  cent,  line,  and  the  small  waist  of  M'Culloch  again  shows  in 
the  depth  of  abdomen.  Both  have  large  lung  capacity,  or  rather 
chest  mobility,  as  tested  by  the  spirometer. 

To  sum  up  the  main  points  of  these  two  figures,  we  see  that 
while  they  are  below  the  average  in  total  height  (25  per  cent), 
and  knee  height  (5  to  25  per  cent.),  they  are  up  in  the  60  and 
70  per  cent,  class  in  length  of  thigh.  While  both  are  below  the 
average  in  chest-girth  (25  per  cent.),  they  can  expand  to  about 
the  75  per  cent,  mark ;  both  have  rather  small  waists  (45  per 
cent.).  In  both  the  waist  is  narrow,  and  chest  is  broad  and  very 
deep. 

I  have  taken  the  measurements  of  three  slightly  taller  and  older 
men  on  Chart  II.  J.  S.  Johnson  has  already  been  referred  to. 
Adolph  Norsing,  a  Norwegian,  is  a  good  type  of  the  pure  skater, 
for  he  has  done  little  else  in  athletics  since  childhood.  He  is  a 
very  fast  man,  particularly  for  short  distances.  Olaf  Nortwedt 
is  also  a  skater  pure  and  simple,  so  that,  except  for  Johnson, 
who  is  perhaps  more  noted  as  a  cyclist  even  than  as  a  skater, 
we  have  here  three  pure  speed-skaters,  all  in  the  first  rank 
Looking  at  the  chart,  we  see  great  similarity  in  height  and 
weight.  The  height  of  pubes  could  not  be  seen  in  this 
chart ;  the  sitting  height  is  low  in  all,  and  the  knee  height  is 
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high,  showing  that  their  height  is  composed  largely  of  thigh  and 
leg,  with  comparatively  short  body.  The  three  tracings  show 
a  marked  similarity  in  long  bone  lengths,  and  also  showing  long 
feet.  In  the  normal  girths  of  the  neck  and  chest,  they  are 
closely  alike.  Johnson's  expansion  of  7  inches  makes  a  diver- 
gence in  the  inflated  chest  measurement  The  muscle  measure- 
ments of  the  arms  are  all  low,  although  the  elbows  are  large, 
this  being  a  bone-,  rather  than  a  muscle-measurement. 

The  thighs  all  being  long,  they  have  not  a  very  large  girth, 
and  the  left  in  everj'  case  is  larger  than  the  right.  This  is  the 
leg  that  carries  the  weight  in  making  the  turns  at  the  end  of 
the  course.  The  calf  measure  is  small,  except  in  Johnson's  case, 
where  it  is  fair.  The  insteps  are  large,  showing  a  flattening  of 
the  arch.  The  breadth  of  neck  is  good,  and  so  is  the  breadth 
of  chest,  while  the  depth  of  chest  is  very  high  in  all. 

Here  we  have  three  men  presenting  certain  marked  charac- 
teristics in  common,  of  average  height:  they  have  very  long 
lower  extremities,  particularly  the  thighs ;  the  feet  and  insteps 
long  and  large;  girths  are  all  small,  except  the  bony  ones, 
which  are  fair,  and  the  thighs,  which  are  above  the  average. 
The  neck  and  shoulders  are  broad,  and  the  chest  deep  and 
capacious,  but  not  very  mobile,  except  in  the  case  of  No.  1. 

These  characteristics  can  be  seen  in  all  who  have  excelled  in 
speed-skating,  and  are  interesting  as  showing  the  natural 
selection  that  has  gone  on  till  now.  The  type  that  will  be 
looked  for  in  future  champions  would  be  somewhat  as 
follows: — 

The  arms  would  be  undersized  (fig.  1-3),  from  being  idly 
crossed  on  the  back ;  the  neck  broad  and  well  developed,  from 
the  constant  extension  (fig.  4)  in  looking  forward  and  upward ; 
the  extensors  of  the  spine,  particularly  in  the  lumbar  region, 
would  be  very  large  and  strong  (as  shown  in  fig.  5).  The  thorax 
would  be  round,  not  very  mobile ;  the  heart  strong,  and  the 
pulse  slow,  and  not  easily  made  rapid  by  exertion.  The  body 
would  be  short,  hips  rather  narrow  ;  very  long,  well-developed 
thighs  and  buttocks,  and  small  calves,  from  the  inaction  caused 
by  the  long  skate,  that  keeps  the  foot  flat  on  the  ice.  The  foot 
will  be  long  and  the  arch  flat :  probably  this  is  due  to  the  tight 
lacing  of  the  foot  to  the  skate,  and  the  gradual  stretching  of  the 


1 


476   NATURAL  SELECTION,  SHOWN  IN  TYPICAL  SPEED-SKATER. 

ligaments  from  the  continual  strain  on  them  in  their  iixed 
position. 

Jos.  F.  Donahue  won  the  world's  championship  in  1892  in 
Poland,  and  held  it  until  1895.  He  has  engaged  in  no  other 
sport  except  rowing,  and  may  be  fairly  taken  as  the  typical 
speed  skater,  both  from  the  length  of  his  bones  and  peculiarities 
of  his  musculature,  notably  in  the  relation  of  his  thighs  to  his 
legs,  and  of  his  extremities  to  his  trunk. 

These  peculiarities  of  structure  and  development  will  be  found 
in  the  human  machine  best  fitted  for  this  form  of  work,  but 
there  remain  those  nervous  elements  which  we  call '  control '  and 
'I'pluck,*  the  psychical  factor  which  sometimes  upsets  the  best 
calculations  built  up  on  statistics,  and  which  neither  the  tape 
can  measure  nor  can  the  scales  weigh. 
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ON  THE  AETEEIAL  AECHES  AND  GEEAT  VEINS  IN 
THE  FOilTAL  MAESUPIAL.    By  R  Broom,  M.D.,  B.Sc. 

Owing  to  marsupials  being  born  at  a  very  early  stage  of 
development,  and,  as  a  consequence,  the  lungs  being  functional 
organs  at  an  earlier  period  than  in  the  Eutheria,  and  also  to 
the  more  lowly  organised  condition  of  the  group,  it  seemed 
probable  that  a  study  of  the  heart  and  blood-vessels  might  reveal 
some  features  of  interest. 

The  material  at  my  disposal  consists  of  a  practically  complete 
series  of  Trichosurus  embryos  from  8*5  mm.  in  length  upwards. 
The  smaller  specimens  have  been  sectioned,  and  it  is  in  these 
that  I  have  examined  the  blood-vessela  I  hope  shortly  to  be 
able  to  give  a  moderately  complete  account  of  the  development 
of  the  principal  organs;  but  in  the  n^eantime,  as  the  blood- 
vessels present  some  exceptionally  interesting  features,  I  have 
thought  it  better  to  describe  the  condition  in  a  special  paper. 

My  8*5  mm.  foetus  is  unfortunately  damaged  about  the  head^ 
but  the  thoracic  and  abdominal  viscera  I  have  found  to  be  in 
good  condition.  The  heart  is  in  a  most  interesting  stage  of 
development,  neither  the  auricles  nor  the  ventricles  being  as  yet 
completely  distinct  from  each  other ;  while  in  the  aortic  bulb,  for 
the  greater  part  of  its  extent,  the  aorta  and  the  common  pulmo- 
nary artery  are  in  free  communication.  A  little  above  the  plane 
of  the  middle  of  the  aiuricles  the  pulmonary  artery,  on  becoming 
distinct  from  the  aorta,  curves  round  behind  the  latter,  and  after 
running  parallel  to  it  for  a  short  distance,  passes  further  back, 
and  leaves  the  common  sheath.  The  ascending  aorta,  on  passing 
up  a  little  further,  divides  mto  three  parts,  the  left  division  being 
about  twice  the  size  of  each  of  the  others.  The  middle  part  is 
continued  up  as  the  right  common  carotid,  while  the  right 
division  passes  upwards  and  backwards,  and  then  curves  down- 
wards, where  it  divides  into  the  right  vertebral  and  right  sub- 
clavian. From  near  the  point  where  the  division  into  vertebral  and 
subclavian  takes  place,  the  remains  of  the  obliterated  right  aortic 
stem  can  be  easily  traced  downwards  to  the  point  where  it  unites 
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with  the  left  aorta  near  the  level  of  the  upper  part  of  the  auricles. 
The  left  division  of  the  ascending  common  aorta  passes  up  but 
a  very  short  distance  when  it  gives  off  the  left  common  carotid, 
and  it  then  arches  backwards  and  downwards,  and  having  given 
off  the  left  subclavian  and  vertebral  arteries,  is  continued  down- 
wards as  the  descending  aorta. 

The  common  pulmonary  artery  near  the  plane  of  the  upper 
border  of  the  right  auricle  gives  off  from  its  right  side  a  small 
branch,  which  passes  upwards  and  slightly  towards  the  right  side 
for  a  distance  of  '14  mm.,  when  it  curves  sharply  backwards  and 
then  passes  downwards,  becoming  the  right  pulmonary  artery. 
From  a  point  near  the  upper  end  of  the  ascending  part,  and  just 
in  front  of  the  sharp  bend,  a  thread  of  cells  can  be  traced  upwards 
to  the  under  part  of  the  right  aorta  at  a  point  near  the  middle  of 
its  backward  passing  arch.  The  left  or  main  division  of  the 
pulmonary  artery  is  continued  up  to  near  the  level  of  the  bend 
of  the  right  pulmonary  artery,  when  it  gives  off  from  its  posterior 
side  a  small  branch,  which  passes  backwards  and  then  sharply 
downwards  as  the  left  pulmonary  artery.  Having  given  off  this 
branch,  the  main  artery  is  continued  up  to  join  the  arching  left 
aorta,  as  the  left  ducttts  arterioms  BotaUi. 

If  the  condition  of  affairs  on  the  two  sides  be  compared,  it  will 
be  seen  that,  apart  from  the  greater  size  of  the  main  vessel  on 
the  left  side,  there  is  almost  a  perfect  symmetry.  We  have  the 
common  pulmonary  artery  dividing  into  a  right  and  left  part, 
which,  as  they  ascend,  bear  exactly  corresponding  relations  to 
the  neighbouring  structures.  The  left  branch  is  continued  to 
meet  the  left  aorta  as  the  left  ductus  arteriosus,  while  on  the 
right  side  the  small  ascending  branch  is  continued  similarly  to 
the  right  aorta  by  the  little  thread  of  cells  above  referred  to, 
and  which  there  is  no  doubt  is  the  remains  of  the  obliterated 
right  dudiis  arteriosus  BotcUli,  On  practically  the  same  plane  on 
which  the  left  branch  gives  off  the  left  pulmonary  artery,  the 
right  pulmonary  artery  leaves  the  ascending  right  branch  and  its 
continuation  of  cells,  and  passes  backwai*ds  and  downwards. 

It  is  impossible  to  make  an  accurate  reconstruction  showing 
the  vessels  and  their  branches,  as  they  are  so  close  together  that  a 
view  from  any  side  leaves  some  of  the  branches  hidden  by  the 
others.     Fig,  1,  however,  represents  a  semi-diagrammatic  view 
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from  behind,  and  is  onlj  diagrammatic  in  that  the  veasela  are 
supposed  to  be  sl^tly  pulled  apart  to  admit  of  the  pulmonary 
brancheB  being  better  displayed.     Fig.  2  representa  a  section  a 


f.SUu. 


Fta.  l.—Arterial  ftrchea  ofABtal  Tnahosnrui,  8'5  mm.,  rrom  baliiud. 

little  above  the  division  of  the  common  pulmonary  stem ;  and 
fig.  3  a  section  a  little  higher,  through  the  right  and  left  ductus 
arterioel 


C^^ 


Hitherto,  as  believed  by  Rathke,  the  mammalian  pulmonary 
arteries  have  been  described  as  both  arising  from  the  fifth 
left  arterial   arch,  although,   both   in   reptiles   and   birds,   the 
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pulmonary  arteries  arise  from  the  fifth  branchial  arch  of  each 
side.  It  will  thus  be  seen  that  the  marsupial  condition  agrees 
with  that  described  as  occurring  in  the  Sauropsida,  and  not  with 
that  of  the  higher  mammala  In  the  Eutheria,  however,  at  a  cor- 
respondingly early  stage  of  development,  the  pulmonary  arteries 
are  so  small  and  so  close  together  that  it  is  just  possible  a  mistake 
may  have  been  made  in  supposing  that  each  of  the  pulmonary 
arteries  arise  from  the  left  arch  5  but  should  Eathke's  view  be 
conclusively  confirmed,  the  marsupial  condition  will  be  of  special 
interest,  as  affording  evidence  of  the  reptilian  affinities  of  the 
group. 

In  tracing  the  veins  through  a  series  of  sections  there  is 
greater  difficulty  than  with  the  arteries,  as,  imless  they  be  filled, 
the  walls  are  so  thin  that,  except  in  the  case  of  the  large  vessels, 
it  is  almost  impossible  to  follow  them. 

The  cardinal  veins,  which  are  small,  pass  up  behind  the  upper 
part  of  the  developing  lungs,  and,  curving  over  theu'  apices,  fall 
into  the  large  jugulars  to  form  the  ducts  of  Cuvier.  I  am 
unable  to  trace  the  cardinal  veins  beyond  the  apices  of  the 
Wolffian  bodies ;  and  if  any  of  the  return  blood  from  the  Wolffian 
bodies  be  conveyed  by  these  veins,  it  must  only  be  that  from  the 
extreme  upper  part,  as  almost  all  the  venous  blood  from  these 
bodies  undoubtedly,  at  this  stage  at  least,  returns  by  the  inferior 
vena  cava. 

On  tracing  the  inferior  vena  cava  downwards  it  is  found  to 
arise  by  the  union  of  the  two  iliacs,  which  latter  can  be  traced 
from  the  root  of  the  tail.  On  passing  upwards,  the  iliacs  lie  on 
the  outer  side  of  the  developing  kidneys  (at  this  stage  only 
represented  by  the  ureters,  whose  upper  parts  present  a  tubular 
dilatation — the  future  pelvis  of  the  kidney — surrounded  by  a 
well-marked  condensation  of  mesoblast).  At  the  lower  part  of 
the  Wolffian  bodies  the  iliacs  lie  along  their  posterior  and  outer 
sides,  but  on  passing  up  a  little  distance  they  curve  roimd  behind 
the  bodies  and  come  to  lie  on  the  inner  side.  On  reaching 
the  level  of  the  umbilicus  the  iliacs  unite  to  form  the  inferior 
vena  cava. 

I  have  not  ob8er\^ed  anytliing  remarkable  about  the  portal  or 
omphalo-mesenteric  veins,  but  in  the  umbilical  vein  we  have  a 
most  interesting  condition,  and  one  very  dissimilar  from  that 
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described  in  the  higher  mammals.  Though  at  the  very  onset  of 
the  allantoic  circulation  in  the  higher  forms  there  are  two 
umbilical  veins,  the  right  one  disappears  very  early,  apparently, 
according  to  Quain's  Anatomy,  about  the  fourth  week.  In  the 
marsupial,  however,  there  remains  a  well  developed  rigTU  umbili- 
cal vein  to  a  very  much  later  stage.  In  the  Trichosurus  foetus, 
8*5  mm.  in  length,  and  which  corresponds  roi^hly  in  its  general 
development,  in  my  opinion,  to  a  human  embryo  of  about  six 
weeks,  the  following  condition  is  found.    A  single  moderate-sized 
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Fig.  4. — Umbilical  veins  in  foetal  Trichosurus,  8 '5  mm. 

vein  brings  back  the  blood  from  the  allantoic  circulation.  On 
reaching  the  umbilicus  it  opens  into  a  rather  large  sinus  which 
lies  round  the  lower  margin  of  the  umbilicus,  and  which  is  formed 
by  the  union  here  of  the  allantoic  vein  with  the  moderate-sized 
veins  which  pass  up  by  the  sides  of  the  lower  part  of  the  front 
of  the  abdominal  wall  From  this  '  umbilical  sinus '  there  pass 
up  to  the  Uver  two  large  veins,  one  on  either  side  of  the  large 
umbilicus.  The  left  vein,  which  is  moderately  uniform  in  size, 
runs  up  from  the  sinus  a  distance  of  1*4  mm.,  and  discharges  into 
the  liver  in  a  situation  corresponding  to  that  in  which  the 
VOL.  XXXII.  (n.s.  vol.  xil)  2  I 
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umbilical  vein  opens  into  the  liver  in  the  higher  mammaL  The 
right  vein  is  more  irregular  in  size,  and  differs  from  the  left  in 
receiving  in  its  course  two  moderately  large  branches  from  the 
abdominal  wall,  one  on  its  outer  side  and  one  descending  and 
falling  into  a  sort  of  sinus  just  where  the  vein  opens  into  the 
liver.  A  third  small  branch  from  the  anterior  abdominal  wall 
joins  the  small  superior  sinus. 

Figure  4  represents  an  anterior  view  of  the  umbilical  veins 
and  sinus,  reconstructed  from  sectiona  The  irregularity  in  the 
contour  of  the  veins,  especially  the  right,  may  be  due,  in  some 
degree,  to  accidental  pressure  during  and  after  death  on  the  thin- 
walled  vessels,  but  I  have  thought  it  best  to  illustrate  the  irregu- 
larities as  they  occur  in  the  specimen  examined.  At  this  stage 
of  development  the  whole  body-wall,  from  the  umbilicus  to  the 
clavicle,  is  imperfectly  formed,  being  only  composed  of  connec- 
tive tissue — the  ribs,  sternum,  pectoral  and  rectus  muscles,  though 
either  formed  or  in  process  of  formation,  only  as  yet  reach  the 
most  lateral  parts  of  the  front  wall — so  that  in  the  abdominal 
region  the  recti  abdominis  muscles,  of  which  only  the  rudimentary 
beginnings  can  be  detected,  run  well  outside  and  behind  both  the 
right  and  the  left  umbilical  veins. 

At  its  upper  part  the  right  vein  opens  into  the  Uver  through  a 
rounded  opening  in  the  upper  and  anterior  corner  of  the  little 
sinus  above  referred  to,  almost  exactly  as  does  the  left  vein,  and 
in  a  situation  almost  immediately  above  the  developing  gall- 
bladder. It  will  thus  be  seen  that  the  left  vein  opens  on  the 
left  side  and  the  right  on  the  right  side  of  the  quadrate  lobe  of 
the  liver. 

Each  vein,  on  entering  the  liver  through  a  small  opening  in  its 
wall,  falls  into  a  comparatively  large  venous  space.  The  tracing 
of  the  veins  in  the  liver  at  this  stage  is  a  matter  of  consider- 
able difficulty ;  but  there  is  little  doubt  that  each  intra-hepatic 
venous  sac  gives  off  a  small  branch  inwards  and  slightly  down- 
wards to  the  portal  vein,  and  divides  above  into  a  large  number 
of  branches,  which  spread  over  the  periphery  of  the  upper  part 
of  the  liver,  and  then  pass  inwards  to  fall  into  the  inferior 
vena  cava. 

In  a  Trichosurus  embryo  of  10*5  mm.  the  umbilical  sinus, 
though  very  much  reduced,  can  still  be  detected.    The  develop- 
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rnent  of  the  sides  of  the  abdominal  wall  has  brought  both  the 
right  and  left  veins  much  nearer  to  the  middle  line,  and  a  further 
interesting  change  has  taken  place  in  that  the  right  vein  has 
become  much  reduced,  and  no  longer  opens  into  the  liver.  It  is 
now  merely  a  small  vein  which  brings  some  blood  from  the 
anterior  abdominal  wall  into  the  umbilical  sinus.  The  left  vein, 
which  now  carries  all  the  allantoic  blood  to  the  liver,  runs  only  a 
little  to  the  left  of  the  middle  line,  though  the  recti  muscles  are 
still  widely  apart. 

A  little  later  all  trace  of  the  right  vein  disappears,  and  the 
left  vein,  though  comparatively  small,  follows  a  course  very 
similar  to  that  of  the  umbilical  vein  in  the  higher  mammals.  At 
birth,  of  course,  the  circulation  through  the  Uju.bilical  vein 
ceases. 

It  will  be  observed  that  this  doubling  of  the  umbilical  vein 
LB  very  dissimilar  to  the  condition  found  in  the  higher  mammal, 
and  very  similar  to  that  found  in  the  early  lacertilian  embryo. 

The  only  other  veins  to  which  attention  need  be  called  are  the 
pulmonary  veins.  The  right  and  left  veins,  though  small,  can  be 
easily  traced  as  they  pass  round  in  front  of  the  lower  end  of  the 
trachea  just  where  it  divides.  Here  they  unite,  and  pass  into  the 
left  auricle  at  its  lower,  inner  and  posterior  corner. 


THE  CORRELATED  DISTRIBUTION  OF  ABDOMINAL 
PORES  AND  NEPHROSTOMES  IN  FISHES.  By 
Edwahd  J.  Bles,  B.Sc.  Lond.,  King's  College,  Cambridge. 

The  term  "  abdominal  pore  "  has  been  used  in  so  many  different 
senses,  and  has  been  applied  to  so  many  and  diverse  kinds  of 
aperture  in  the  cloacal  region  of  vertebrates  which  are  no  longer 
regarded  as  homologous  in  any  way,  that  a  new  definition  is 
rendered  necessary.  The  definition  offered  here  is  intended  to 
include  everything  which  is  homologous  in  the  widest  sense :  it 
recognises  no  distinction  between  genetically  homologous  opening*, 
and  openings  acquired  in  a  similar  pomtion  and  by  a  similar 
process,  but  quite  independently,  wiAin  the  different  groups  of 
vertebrates.  There  are  at  present  no  convincing  reasons  for 
regarding  the  abdominal  pores  of  dipnoi,  ganoids,  teleosteans,  and 
reptiles  as  being  phylogenetically  derived  from  the  abdominal 
pores  of  elasmobranchs,  or  the  pores  of  any  one  of  these  groups 
as  derived  from  those  of  any  other  or  from  those  of  common 
ancestors.  This  question  is  open  for  future  investigation,  and 
answer  may  come  from  comparative  embryology. 

■ 

Abdominal  pores  are  the  external  apertures,  usually  paired, 
found  in  many  Anamnia  and  some  Amniota  in  the  cloacal  region, 
affording  a  passage  of  communication  from  the  abdominal  cavity 
to  the  exterior.  The  integimient  surrounding  the  pores  exter- 
nally is  invariably  ectodermic  in  origin,  usually  proctodieal. 
Internally  the  pores  lead  into  the  body-cavity,  or  into  pas- 
sages— the  peritoneal  canals — commimicating  with  the  body- 
cavity. 

Peritoneal  canals  may  be  defined  as  paired  diverticula  of  the 
posterior  end  of  the  body-cavity  which  extend  backward  along- 
side of  the  cloaca,  and  either  end  blindly,  or  open  tln'ough 
abdominal  pores  to  the  exterior.  Passages  which  appear  to 
correspond  to  this  definition  are  perhaps  not  always  diverticula 
of  the  body-cavity,  but  represent  the  separate  lateral  ccelomic 
spaces  which  have  not  become  continuous  along  the  mid-dorsal 
and  mid-ventral  lines.    In  such  cases  the  abdominal  pore  may 
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open  directly  into  the  body-cavity  without  the  intervention  of 
peritoneal  canals. 

Id  many  elaemobranchs  the  abdominal  pores  are  not  placed 
directly  on  the  surface  of  the  cloacal  wall  or  on  the  external 
surface  of  the  body,  but  the  opeoings  are  situated  on  the  lining 
of  paired  depreesions  of  the  int^ument  called  doacal  pouches. 
Balfour  has  described  the  development  of  these  pouches  under 
the  name  "abdominal  pockets"  (Memorial  Edition,  vol.  i 
pp.  451-2).  They  are  involutions  of  the  e^ublast  on  each  side 
of  the  opening  from  the  hind-gut  into  the  proctudteal  groove. 
Id  the  adult  elasmobranch  the  pouches  lie  either  within  the 


Flo.  1.— DUf^mTniitic  horiioDUl  »eclion  througli  the  axis  ot  the  cloacal  [apillie 
atid  peritoaeal  canal  of  a  3elachis.ll.  On  the  right  the  abdonilDal  pore  ia 
apical.  It  may  open  at  any  point  between  thU  and  A  P  ;  iu  whii:h  eaes  the 
papilla  is  «iilid. 

cloaca  or  just  outeide  the  lips  of  the  cloaca  on  the  ventral  surface, 
and  are  alwa^'s  near  the  posterior  end  of  the  cloacal  opening. 
The  csecal  ends  of  the  pouches  are  always  directed  forwards. 

The  mouth  of  the  cloacal  pouch  (fig.  2,0)  is  not  the  abdominal 
pore:  it  is  present  in  Scyllium,  for  instance,  long  before  the 
abdominal  wall  is  perforated.  Many  writers,  however,  have  taken 
them  for  pores,  and  this  has  caused  much  mlBconceptioiL  In 
two  recent  laboratory  manuals  the  same  view  has  been  taken  in 
the  case  of  the  dogfish  and  the  skate  respectively. 

Overhanging  the  cloacal  pouches  in  many  species  of  elasmo- 
branchs  there  are  what  I  will  call  cloacal  papillm,  corresponding 
to  what  Bridge  not  very  appropriately  called  "  peritoneal  papillte." 
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These  papiUse  occur  in  the  deafish,  Scyllium  canicula,  and  are 
represented  in  a  diagrammatic  horizontal  section  in  fig.  1.  They 
are  attached  in  front  of  the  cloacal  pouch,  and  the  apex  is 
directed  backward  The  papilla  is  traversed  by  a  peritoneal  canal, 
a  diverticulum  of  the  body-cavity  which  opens  near  the  apex  of 
the  papilla  through  an  abdominal  pore  into  the  cloacal  poucL 

On  the  left-hand  side  of  the  figure  I  have  indicated  by  dotted 
lines  the  course  of  the  peritoneal  canal  when  it  opens  into  the 
Cfecal  end  of  the  cloacal  pouch.  In  such  a  case  the  papilla  is 
simply  the  double  fold  of  skin  produced  by  the  involution  of 
the  cloacal  pit,  as  is  seen  in  any  species  of  Batis,      It  is  the 


Fig.  2. — Diagram  showing  the  relations  of  the  bodjr-cavity  and  abdominal  pore 
to  the  cloacal  pouch  in  Raja.  1,  Parts  of  left  side  as  seen  from  below  X  is 
the  posterior  end.  2,  Vertical  section  along  line  X  Y  showing  the  marginal 
fold  of  skin,  F,  forming  ventral  wall  of  cloacal  poach.  The  edge  of  this  fold 
is  shown  at  1,0. 

fold  of  skin  seen  in  section  in  fig.  2  (F)  which  forms  the  outer 
wall  of  the  cloacal  pouch,  has  become  more  or  less  separated  from 
the  body  along  the  line  of  attachment  (as  shown  in  fig.  3),  and 
has  been  pierced  by  the  peritoneal  canal.  The  greater  the 
amount  of  detachment,  the  larger  and  longer  will  the  papilla 
become,  and  the  shallower  the  cloacal  pit  This  is  actually 
the  case  in  the  series  of  species  examined  by  Bridge  and 
myself.     Pupillde  are  large  and  well  marked,  while  the  cloacal 
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pits  are  small  or  absent,  in  Careharias  gUmcuSy  Gaieus  canis, 
Muetdua  vulgaris,  Triads  semifasciata,  Prisstiophorua  drratvs^ 
ScyUium  stellare,  AearUhias  vulgaris,  and  Heptanchiis  dniereus. 
Many  of  these  cases  are  described  below. 

The  interest  attaching  to  this  arrangement  is,  I  think,  chiefly 
physiological  If  the  abdominal  pores  are  excretory  openings,  as 
I  have  reason  to  believe,  they  can  serve  as  efferent  channels  only, 
not  as  afferent  There  are,  I  believe,  no  sphincter  muscles  in 
connection  with  the  pores,  but  the  various  arrangements  described 
above  form  valvular  contrivances,  preventing  the  entrance  of 
water  into  the  body-cavity.  If  the  pressure  of  the  external 
medium  be  greater  than  the  pressure  inside  the  peritoneal  canal 
and  cloacal  pouch  shown  in  section  in  fig.  2,  the  total  pressure 


Fio.  3.— The  dotted  line  indicates  the  outline  of  pouch  ;  a  corresponds  to  0  in 
fig.  2,  1.  The  more  thi^  fold  is  detached  along  its  ed^es,  the  more  papilli- 
form  does  it  become,  and  the  shallower  the  cloacal  pit.  In  this  way  the 
cloacal  papilla  have  probably  arisen  from  folds  formed  by  the  primitive 
invagination  of  the  cloacal  pouches. 

on  the  flaccid  outer  wall  of  the  pocket  will  be  greater  than  the 
total  pressure  in  the  narrow  slit-like  opening  to  the  pouch,  and 
its  lumen  will  become  obliterated  by  the  flap-like  outer  wall 
pressing  inwards.  When  the  pressure  in  the  body-cavity  is  the 
greater,  there  will  be  a  tendency  for  the  canal,  the  pore,  and  the 
pouch  to  open.  Thus,  the  flaccid  peritoneal  papillae  are  com- 
pressed, and  the  lumen  of  the  peritoneal  canal  closed  by  pressure 
from  without,  until  overcome  by  a  greater  pressure  from  within. 
It  is  noteworthy,  in  connection  with  this,  that  the  perforation  of 
the  papillae  is  invariably  on  the  side  towards  the  cloacal  pouch 
when  it  is  not  apical 

The  anatomical  evidence,  then,  seems  to  support  the  physio- 
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logical  conclusions  on  the  excretory  function  of  the  ahdominal 
pores  at  which  I  arrived  in  a  paper  recently  published  on  their 
distribution  in  adult  vertebrates,  showing  that  th^  alternate  to  a 
great  extent  with  open  nephrostomes  in  the  adult,  the  reciprocal 
correlation  being  most  clearly  shown  within  the  group  of  the 
ElasmobranchiL^  There  is  also  a  well-marked  alternation  in  the 
Amphibia  and  lower  Reptilia  when  considered  together,  the 
Amphibia  retaining  open  nephrostomes  in  the  adult,  and  none 
possessing  abdominal  pores ;  the  Chelonia  and  Crocodilia  closing 
the  nephrostomes  during  embryonic  development,  while  many 
of  them  have  peritoneal  canals  opening  into  the  cloaca.  In 
the  present  paper  I  shall  deal  with  the  relations  of  abdominal 
pores,  peritoneal  canals,  cloacal  pits,  and  papillae  in  the  Elasmo- 
branchii,  Holocephala,  Ganoidei,  Dipnoi,  and  Teleostei,  and  I  shall 
present  the  anatomical  evidence  which  throws  light  on  the  func- 
tion of  the  passages  from  the  body-cavity  to  the  exterior.  The 
distribution  of  the  pores  in  the  species  of  Elasmobranchs  will  also 
be  dealt  with. 

A. — Elasmobranchs  possessing  Nephrostomes  when  Adult. 
1.  Species  without  Abdominal  Pores,    (Fig.  4.) 

Cestracion  PhUippi,  Lacep. — Two  small  .females  (12"  and  15" 
long)  were  examined  by  Bridge :  they  had  cloacal  papillae  and  pits, 
but  "  both  ....  were  quite  imperforate."  The  specimens  which 
came  into  my  hands  were  likewise  two  females,  one  half-grown 
and  one  adult  over  3  feet  long.  In  neither  of  these  were  abdomi- 
nal pores  present :  in  fact,  the  larger  specimen  had  a  very  much 
thicker  abdominal  wall  than  the  smaller,  in  which  the  mercury  in 
the  body-cavity  could  be  seen  shining  through  the  abdominal 
wall  round  the  base  of  each  cloacal  papilla.  The  body-cavity  of 
the  large  specimen  nowhere  came  close  to  the  surface,  although 
it  seemed  to  extend  into  the  base  of  the  papillae,  but  the  distal 
two-thirds  of  the  papilla  were  quite  solid.  The  abdominal  wall 
in  this  region  seems,  therefore,  to  thicken  in  older  specimens,  and 
it  would  be  extremely  interesting  to  know  whether  abdominal 
pores  are  present  at  an  immature  age ;  and  if  so,  whether  their 

*  Froe,  Roy,  Soc,  vol.  Ixii.,  p.  232,  1898. 
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appearance  and  disappearance  is  correlated  with  any  changes  in 
the  urogenital  organ& 

JRhina  sgtuUiTia,  L.,  is  the  only  other  species  which  can  at 
present  be  placed  side  by  side  with  C,  Philippi.  I  have,  so  far, 
only  met  with  one  case  in  which  it  appeared  that  abdominal 
pores  were  present  in  an  individual  of  this  species.  A  portion — 
the  posterior  part  of  the  abdomen  of  a  young  monk-fish — is  ex- 
hibited in  the  Hunterian  Collection  (No.  2677)  of  the  Museum  of 
the  Eoyal  College  of  Surgeons.  In  the  catalogue,  vol.  iv.  (1838), 
p.  135,  the  reference  states: "  At  the  sides  of  the  external  opening  of 
the  cloaca  may  be  seen  the  peritoneal  canals,  through  which  white 
bristles  are  passed  into  the  abdominal  cavity.  This  certainly 
gives  an  appearance  as  though  pores  were  present,  but,  as  I  have 
already  insisted,  the  fact  that  bristles  can  be  passed  into  the 
cloacal  pits  (here  called  peritoneal  canals)  to  emerge  in  the 
abdominal  cavity  is  far  from  being  demonstrative  of  the  existence 
of  a  pore :  the  body- wall  is  often  so  thin  that  it  would  offer  no 
appreciable  resistance  to  the  passage  of  a  bristle  through  it. 
There  would  be  the  less  hesitation  in  so  passing  a  bristle,  since 
the  openings  of  the  cloacal  pits  were,  by  most  of  the  older 
writers,  and  apparently  also  in  this  instance,  regarded  as  the 
external  apertures  of  peritoneal  canals.  So  that,  as  late  as  1880, 
Gunther  could  assert  (Study  of  Fishes,  p.  123)  that  a  paired  porus 
abdominaUs,  one  on  each  side  of  the  vent,  is  found  in  all 
Chondropterygiana  It  is  obvious  that  the  conception  of  a 
cloacal  pit  into  which  an  abdominal  pore  may  or  may  not  open 
was  not  entertained.  The  Hunterian  specimen,  then,  is  not 
admissible  as  evidence  of  the  existence  of  pores  in  jB.  squatina. 
The  whole  of  the  valid  information  on  the  subject  points  to  the 
absence  of  pores  in  members  of  the  species  which  have  not 
reached  their  full  size.  The  five  specimens  (preserved  in  alcohol) 
which  I  have  been  able  to  examine  ranged  from  45  to  73  cm.  in 
length :  four  were  females  and  one  a  male.  I  can  confidently 
state  that  these  specimens  were  all  without  abdominal  pores ;  in 
not  one  of  them  did  mercury  escape  from  the  cloacal  pits  when 
the  posterior  part  of  the  abdominal  cavity  was  quite  full  of  the 
metal  Indeed,  in  one  of  these  specimens,  a  half-grown  female, 
there  was  no   trace  of  either  cloacal  pits  or  papillae.^    This 

^  In  addition  to  these  I  have  examined  four  fresh  specimens,  one  male  and 
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condition  was  found  by  Bridge  on  the  left  side  in  a  female,  which 
had  a  small  papilla  and  very  shallow  cloacal  pit  on  the  right  side. 
Both  this  specimen  and  a  small  male  examined  by  Bridge  were 
without  pores.  Quite  recently  (Anat.  Am,,  voL  xiiL  pi  393) 
Guido  Schneider  has  made  experiments  on  two  specimens,  one 
of  each  sex,  of  E.  squatina,  and  has  dealt  with  the  alleged 
abdominal  pores  in  them.  In  both  specimens  pores  were  present, 
but  they  were  in  part  without  a  proper  epithelial  lining  where 
they  passed  through  the  connective  tissue,  and  hence  were,  in 
fact,  ruptures  of  the  abdominal  wall  at  the  point  of  least  re- 
sistance. The  part  of  Schneider's  description  which  shows  that 
this  was  the  case,  although  the  author  himself  does  not  seem  to 
regard  the  openings  as  pathological,  runs : — "  Darauf  folgte  distal- 
warts  eine  Strecke  von  ungefahr  o.  3  mm.  Laenge,  die  gar  kein 
Epithel  besitzt,  wo  also  das  perforirte  Biudegewebe  nackt  zu 
Toge  liegt.  Das  ausserste  Zehntel  des  Kanals  verlauft  in  der 
geschichteten  Oberhaut,  welche  einfach  durchbohrt  ist  und  sich 

nicht    in    den    Kanal    hineinzieht Eine  Verbindung 

zwischen  der  Oberhaut  und  der  vom  Peritoneum  herstammenden 
Epithelauskleidung  der  Abdominalporen  habe  ich  also  nicht 
gefunden."  The  rupture  of  the  body-wall  in  the  position  of  the 
cloacal  pits  must  be  attributed  to  the  injection,  two  days  before 
the  specimens  were  killed,  of  carmine  and  Indian  ink  into  the 
body-cavity,  and  the  peritonitis  induced  in  consequence  of  the 
injection.  As  I  have  already  had  opportunity,  in  my  earlier 
paper,  of  discussing  Schneider's  interesting  results,  I  will  at 
present  only  say  that  Schneider's  observations  support,  if  any- 
thing, those  of  Bridge  and  myself  on  the  absence  of  pores  in 
half-grown  B,  8(pwiina  in  the  normal  condition. 

The  largest  specimen  of  R.  sqitcUina  which  appears  to  have  been 
searched  for  abdominal  pores  is  a  female  73  cm.  loi^  which  I 
have  examined;  but  as  this  fish  is  said  to  attain  a  length  of 
2  metres  or  more,  this  particular  specimen  was  only  half-grown, 
and  it  might  perhaps  be  expected  that  the  pores  do  not  appear 
untU  maturity  is  reached.  As  remarked  above,  however,  there 
is  a  tendency  for  the  cloacal  pits  and  papillae  to  disappear  in 
half -grown  individuals ;  and  this,  I  think,  may  be  taken  as  an 

three  females,  ranging  from  71  to  88  cm.  in  length,  in  none  of  which  were  pores 
present. 
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indication  that  the  pores  will  not  be  found  in  the  mature  fish, 
except  perhaps  as  a  pathological  formation. 

The  nephrostomes  are  persistent,  and  seem  to  increase  con- 
siderably in  size  as  the  animal  grows.  That  they  are  functional 
has  been  proved  by  G.  Schneider,  as  will  be  described  later  on. 

2.  Species  ivitJunU  Ahdomitwl  Pores  until  Full-grovm 

(Figs.  4  and  5). 

The  classification  I  adopted  in  Table  II.  {I.e.,  p.  236)  has 
one  characteristic  feature  in  common  with  most  schemes 
of  classification  made  to  represent  natural  grouping  of  species. 
This  feature  is  the  difficulty  arising  when  the  division  of  the 
larger  groups,  one  from  another,  is  undertaken.  The  lines  of 
demarcation  must  be  more  or  less  arbitrarily  placed,  and  cannot 
be  r^rded  with  any  confidence  as  representing  actually  existing 
divisions  between  natural  groups  until  all  of  the  species  have 
been  studied. 

I  have  felt  this  difficulty  especially  in  forming  Qroup  2  in 
Table  II.  Scylliiim  stellare,  L.,  and  Pristiurus  melanostomvsy 
Bonap.,  have  both  persistent  nephrostomes,  and  I  had  originally 
placed  them  with  Cestradon  philippi  and  Khina  squatinay  on  the 
strength  of  Bridge's  observations,  confirmed  by  my  own.  These 
two  species  are  both  included  by  Bridge  amongst  those  without 
abdominal  pores.  He  examined  a  large  number  of  specimens  of 
the  fifcy.  stellate  and  three  of  Pristii(/rus ;  but  he  does  not  give  the 
sizes  of  hia  specimens.  In  a  male  Scy.  stellare  52  cm.  long  (spirit 
specimen),  and  in  two  male  P,  melanostamus  (60  cm.  and  65  cm. 
long),  I  found  that  the  pores  were  absent,  although  both  possessed 
cloacal  papillae.  These  were  all  mature  individuals,  but  not  of  the 
full  size  reached  by  the  two  speciea  Scy.  stellare  attains  a  length 
of  1  metre  and  upwards,  and  P.  melanostomiLS  a  length  of  90  cm., 
according  to  Cams  (Prodrom,  Faun.  Med.),  When  I  examined 
a  full-grown  male  of  S.  stellare,  which  was  95  cm.  long,  and  had 
thus  reached  its  limit  of  growth,  I  was  surprised  to  find  both 
large  flap-like  papillae  perforated  by  slits  about  3  mm.  long  each, 
placed  on  the  ab-axial  side  of  the  papilla.  I  have  also  examined 
a  specimen  (female)  of  P.  melanostomus  larger  than  the  two 
spoken  of  above,  and  which  was  full-grown,  72  cm.  long  (in 
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spirit).  On  the  ri^t  papilla  there  was  a  minute  perforation, 
through  which  mercury  escaped  in  tiny  drops.  There  was  no 
perforation  of  the  left  papilla. 

The  difference  between  these  two  Scylliidae  and  those  placed  in 
the  next  group  (3)  consists,  as  far  as  can  be  judged  at  present,  in 
the  time  of  life  at  which  the  abdominal  pores  appear.  Scy.  cani- 
cida  acquires  them  at  about  the  period  of  sexual  maturity,  before 
the  animal  has  grown  to  three-quarters  of  its  full  length.  In 
Group  2  the  pores  are  apparently  not  present  until  the  full 
size  of  the  species  is  very  nearly  reached,  or  they  may  remain 
closed  throughout  life. 

3.  Species  dcquiring  Abdominal  Pores  late  (when  sexiudly  nuUure) 

or  not  at  all.     (Figs.  4  and  5.) 

Scyllium  canictda. — A  "large  number  of  specimens"  of  this 
species  were  examined  by  Bridge,  and  he  concluded  that  abdom- 
inal pores  are  absent.  But,  in  a  paper  by  Turner  which  accom- 
panies Bridge's,  it  is  stated : — "  Behind  the  oviducts  was  a 
crescentic  fold,  such  as  Prof.  Bridge  has  described  as  the  cres- 
centic  septum.  Posterior  to  that  were  two  short  papillie,  one  on 
each  side  of  the  middle  line.  At  the  summit  of  each  papilla  was 
an  orifice,  into  which  a  bristle  could  easily  be  passed  into  a 
funnel-shaped  prolongation  of  the  peritoneal  cavity  situated  at 
the  side  of  the  rectum.  These  orifices  were  therefore  true 
abdominal  pores.  At  the  base  of  each  papilla,  and  situated  more 
especially  at  its  outer  border,  was  a  shallow  pouch-like  depression 
of  the  wall  of  the  cloaca." 

This  description  and  Bridge's  are  in  agreement,  with  the 
exception  only  of  the  perforation  of  the  papillae  to  form  abdom- 
inal pores,  and,  with  this  exception  also,  my  own  observations 
confirm  Bridge's  account.  The  existence  of  open  pores  is  likewise 
affirmed  by  Marshall  and  Hurst  (Practical  Zoology,  p.  213, 
4th  ed.),  with  the  qualification  that  they  are  often  absent  in 
young  specimens,  especially  in  females.  The  explanation  of 
the  apparent  discrepancy  is,  I  believe,  to  be  found  in  the  view 
that  S.  canicula  is  a  species  which  varies  in  respect  to  this  char- 
acter. I  have  made  a  careful  examination  of  eighteen  specimens 
of  dogfish,  slitting  the  ventral  abdominal  wall  as  far  as  the 
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pelvic  girdle,  suspending  the  animal  by  the  head  and  pouring 
mercury  into  the  right  and  left  posterior  extremities  of  the  body- 
cavity.  Ten  of  the  specimens  had  been  preserved  in  chromic 
acid  solution ;  and  when  no  mercury  escaped  in  these,  I  pushed 
a  glass  tube  of  suitable  calibre  down  into  the  body-cavity  until 
it  was  held  by  the  peritoneal  walL  By  pouring  into  the  upper 
end  of  this  tube  held  vertically,  a  pressure  of  10^12  inches  of 
mercury  was  obtained.  The  mercury  fills  the  hinder  part  of 
the  body-cavity  of  that  side  only  into  which  the  tube  is  passed, 
and  by  distending  the  papilla  of  that  side  shows  the  extension  of 
the  body-cavity  into  the  papilla  itself.  The  abdominal  pore  is 
simply  a  perforation  of  the  wall  of  the  papilla,  as  into  it  the 
body-cavity  is,  in  any  case,  prolonged.  Of  the  ten  hardened 
specimens  only  three  possessed  open  abdominal  pores,  including 
one  male  with  both  open,  one  male  with  the  left  pore  open  and 
no  right  pore,  and  one  small  immature  female  with  narrow  ovi- 
ducts and  small  oviducal  glands,  in  which  both  pores  were  open. 
The  seven  individuals  without  pores  included  one  male,  three 
gravid  females,  and  three  adult  females  without  eggs  in  the  ovi- 
ducts. Eight  fresh  dogfish  were  examined  during  the  breeding 
season,  four  of  each  sex.  One  male  was  immature  (22  ins.  long) 
and  without  abdominal  pores.  The  remaining  three  males  and 
four  females  were  all  25  inches  in  length,  or  longer,  and  all 
possessed  open  pores.  Of  the  females,  two  were  gravid  and  two 
had  distended  flaccid  oviducts,  and  had  probably  deposited  their 
ova.  In  one  of  the  gravid  females  there  was  no  right  pore, 
resembUng  in  this  the  male  alluded  to  above.^ 

It  follows,  then,  that  the  absence  of  pores,  as  recorded  by 
Bridge,  and  their  presence  in  the  adult,  as  described  by  Marshall 
and  Hurst  in  S.  canicula,  are  not  irreconcilable  results,  inasmuch 
as  a  limited  number  of  specimens  might,  on  examination,  prove 
either  the  one  or  the  other  to  be  correct.  A  larger  number  of 
specimens,  however,  when  examined  in  a  legitimate  manner, 
without  undue  probing  with  bristles  or  seeker;  will  demonstrate 

^  It  may  here  be  remarked  that  amongst  the  elasmobranchs  examined  by 
Bridge,  Turner,  and  myself,  there  are  in  all  seven  cases  in  which  the  pore  on  the 
left  side  only  was  present,  two  cases  where  the  left  pore  was  wider  than  the  right, 
and  only  two  cases  where  the  right  one  was  open  and  the  left  absent  There  may 
be  some  connection  between  this  asymmetry  and  the  asymmetrical  development 
of  the  ovary  and  of  the  kidneys  (Howes,  Jour,  of  Anal,  and  Fhya.,  xxiv.  407). 
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the  fact  that  the  occurrence  of  pores  is  quite  inconstant,  and  is 
apparently  arbitrary  in  its  relation  to  sex  or  sexual  condition, 
excepting  that  the  pores,  ¥dien  present,  do  not  open  until  about 
the  period  when  sexual  maturity  is  reached.  The  size  of  the 
orifice  on  the  abdominal  papillae  is  never  very  great  The  largest 
I  have  seen  formed  a  slit  2  muL  long ;  as  a  rule,  the  pore  was 
quite  minute. 

Spinax  niger,  Bonap.,  may,  I  believe,  be  placed  side  by  side 
with  S.  caniciUa,  at  any  rate  provisionally,  and  until  a  larger 
number  of  specimens  have  been  examined  Bridge  found  "  well- 
marked,  slit-like  pores,  but  no  distinct  papillae"  in  a  male 
S,  niger,  I  have  only  had  three  females  of  this  species  under 
observation.  One  of  them  was  14  inches  long,  and  in  it  two 
pores,  half  a  millimetre  in  diameter,  were  open  close  to  and 
behind  the  posterior  border  of  the  cloacal  opening.  The  pores 
had  slightly  tumid  lips,  but  there  were  neither  cloacal  pits  nor 
papillse.  A  younger  female  (lOi^  inches  long)  was  similar  to  this 
in  all  respects.  But  the  third  specimen,  larger  than  either  of 
these,  and  nearly  15  inches  long,  had  no  pores,  although  the 
body-cavity  extended  quite  as  far  back  as  in  the  others,  and  the 
abdominal  wall  was  extremely  thin  over  the  posterior  end  of  the 
cavity  on  each  side  of  the  cloaca.  As  far  as  this  somewhat 
scanty  evidence  goes,  it  appears  that  the  pores  are  variable  in 
their  appearance  in  this  species. 

4.  Species  which  cannot ^  without  further  evidence^  he  placed  in 

the  above  groups. 

It  is  uncertain  to  which  of  the  above  groups  two  other  species 
of  Spinacidse  belong,  namely,  Centring  Salviani,  Kisso,  and 
Centrophorus  granulosus,  BIk.  Schn.  In  an  advanced  embryo  (17 
cm.  long)  of  Centrina  Salviani,  Semper  found  23  pairs  of  open 
funnels ;  and  as,  where  these  funnels  disappear,  they  do  so  very 
early  in  all  other  Plagiostomata,  he  believes  that  they  will,  there- 
fore, be  found  to  persist  in  the  adult  Centrina.  The  abdominal 
pores  opened  widely  in  the  female  examined  by  Calderwood.  I  have 
found  a  large  female  (38  inches)  of  Centrophorus  granulosus  from 
Madeira  to  have  open  segmentalfunnels,  but  not  as  many  as  Semper 
found  in  a  male  40  cm.  long.      In  his  specimen  there  were  30,  in 
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mine  17,  but  some  of  the  anterior  funnels  may  have  been  removed 
with  the  mesoarium,  which,  together  with  the  ovaries,  was  wanting. 
The  abdominal  pores  were  simply  perforations  of  the  abdominal 
wall,  forming  slits  5  mm.  long.  In  another  female,  which  was 
only  half-grown  (18  inches  long,  from  the  Mediterranean),  there 
were  no  pores,  but  in  a  still  smaller  one  (from  Madeira,  15 
inches)  the  pores  were  long  slits,  as  in  the  first.  A  male  (14 
inches)  was  without  porea  There  is  suflBcient  irregularity  in 
these  data  to  make  one  hesitate  to  attribute,  without  further 
investigation,  abdominal  pores  as  a  constant  feature  to  the  adults 
of  this  species. 

Another  species,  in  which  abdominal  pores  exist  side  by  side 
with  nephrostomes,  is  Hexatichus  grisevs,  Gm.  Semper  found 
the  nephrostomes  in  a  female  10  feet  long,  and  I  have  been  able 
to  confirm  his  observations  on  a  specimen  4  feet  9  inches  long. 
In  this  young  female  the  nephrostomes  opened  into  the  meso- 
nephric  tubules,  as  it  was  easy  to  see  in  transverse  sections  of 
the  kidney.    The  abdominal  pores  were  both  open  into  the  cloaca. 

Heptanchtis  cineretts,  Gm.  Considering  the  morphological 
importance  attaching  to  the  anatomy  of  the  Notidanidae,  I  was 
glad  to  have  an  opportunity  of  examining  a  specimen  of  this 
species  in  the  British  Museum.  There  were  open  nephrostomes, 
like  those  described  in  Hexanchus  by  Semper.  I  counted  seven 
pairs  at  least,  but  the  conditions  were  not  favourable  for  such 
minute  investigation  as  is  reqmred,  and  there  may  be  more  which 
I  did  not  see.  Abdominal  pores  were  present ;  they  opened  on 
short  papillse,  and  were  slits  3  mm.  long.  There  was  no  trace 
of  cloacal  pita  This  individual  was  a  female  of  small  size,  only 
3  feet  in  length,  and  therefore  scarcely  half-grown.  The  single 
specimen  examined  by  Bridge  was  also  a  female;  he  gives  no 
data  regarding  size  or  age.  The  peritoneal  papillse  were  swollen 
and  bag-like,  but  injection  failed  to  demonstrate  the  existence 
of  any  pores  by  which  their  cavities  could  communicate  with  the 
exterior." 

Open  segmental  funnels  and  abdominal  perforations  do  then 
occur  together  in  the  same  individual  in  CentriTia  Salviani, 
Centrophorus  granulosiiSy  Hejptanchus  cinereuSy  and  Hexanchus 
grisevs ;  but  these  cannot  at  present  be  classed  in  any  of  the  four 
groups  of  Series  A :  a  number  of  the  adults  of  each  species  must 
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be  examined  to  determine  whether  the  occurrence  of  pores  at 
that  stage  is  constant  or  not.  It  is  not  certain  that  C.  Scdviani 
and  H.  dnereus  retain  open  nephrostomes  when  quite  full-grown, 
although  that  they  do  so  can  very  safely  be  inferred.  None  of 
the  Notidanidse,  in  which  the  abdominal  pores  have  been  investi- 
gated, were,  as  far  as  I  know,  full-grown ;  and  it  would  be  very 
interesting  to  know  whether  the  pores  in  such  specimens  (10  to 
11  feet  long)  are  open  or  not. 

B. — Species  without  Nephrostomes   when  Adult,  and  all 
POSSESSING  Abdominal  Pores.    (Fig.  6.) 

(2)  Baia  rruiculcUa,  Mont.,  according  to  Bridge,  has  no  abdom- 
inal pores,  and,  like  the  rest  of  the  Batoidei,  it  has  no  nephro- 
stome&  In  combining  both  negative  characters,  this  species  would 
form  the  sole  exception  amongst  the  thirty- six  species  of  Elasmo- 
branchs  in  which  both  of  these  points  have  been  investigated. 
Hence  it  was  important  that  Bridge's  observations  should  be  con- 
firmed. I  therefore  examined  the  British  Museum  specimens  of 
this  species,  and  found  that  in  two  full-grown  male  specimens  a 
pore  was  open  on  one  side  and  the  other  was  closed — in  one 
specimen  the  right,  and  in  the  other  the  left  pore.  This  was 
determined  by  pouring  mercury  into  the  body-cavity.  Applying 
this  method  to  two  female  specimens  in  the  same  collection,  I 
found  that  no  mercury  ran  out  at  the  *^cloacal  pits' ;  but  as  both 
of  these,  one  half-grown  and  the  other  a  large  individual,  were 
extremely  hard  and  shrunken  in  the  cloacal  r^on,  I  cannot  be 
certain  that  the  mercury  reached  the  posterior  end  of  the  body- 
cavity,  where  the  internal  opening  of  the  pore  is  placed. 

In  addition  to  these  presei'ved  specimens,  I  have  also  examined 
two  males  and  one  female  in  the  fresh  condition.  The  female 
and  one  male  were  young  (18  inches  and  22^  inches  long  respec- 
tively) ;  both  had  abdominal  pores.  The  other  male  was  at  least 
half-grown  (3  feet  2  inches  long),  and  it  also  possessed  pores. 
When  the  presence  of  pores  is  ascertained  by  the  passage  of 
mercury  through  them,  their  position  can  easily  be  determined 
by  dissection.  The  mercury  escapes  externally  from  below  the  lips 
of  the  cloacal  pouches,  which  are  sacs,  opening  just  behind  the 
cloaca,  close  to  the  middle  line,  and  extending  on  each  side  as 


ABDOMINAL  PORBS  AND  NEPHROSTOMES   IN  FISHES.         497 

far  forwards  as  the  middle  of  the  longitudinal  slit-like  opening 
of  the  cloaca.  They  lie  close  below  the  integument,  so  that  the 
ventral  wall  is  formed  by  a  flaccid  fold  of  skin,  which  contains 
a  little  connective  tissue  and  some  small  blood-vessels.  The 
posterior  free  edge  of  this  fold  forms  the  lip  of  the  cloacal  pit. 
The  lumen  of  the  sac  is  generally  occluded  by  the  ventral  ex- 
ternal flap  being  pressed  against  the  dorsal  wall  of  the  sac. 
By  slitting  up  the  pit  along  its  outer  margin,  and  turning  the 
flap  thus  formed  inwards  towards  the  middle  line,  the  pore  can 
be  seen  on  the  median  edge  of  the  pouch  as  a  slit  about  2  nmi, 
long,  with  slightly  thickened  lips ;  but  if  the  depth  of  the  pouch 
is  divided  into  three  equal  parts,  the  pore  is  always  placed 
within  the  middle  third.  A  seeker  passed  into  the  pit  will 
therefore,  if  pushed  straight  forwards,  meet  the  blind  anterior 
end  of  the  sac.  The  pore  leads  directly  into  the- abdominal 
cavity,  no  duct  intervening.  In  the  region  of  the  rectum  and 
cloaca,  the  perivisceral  space  retains  throughout  life  its  embryonic 
condition  of  separation  into  two  lateral  cavities,  which  are  con- 
tinued back  almost  to  the  level  of  the  external  opening  of  the 
cloacal  pit,  and  lie  alongside  of  the  cloacal  slit,  just  below  the 
surface  of  the  lips  of  the  slit,  and  between  the  cloaca  and  the 
cloacal  pit  on  each  sida  Hence  the  abdominal  pore  is  on  the 
outer  side  of  the  peritoneal  wall.  The  abdominal  cavity  is 
continued  beyond  the  pore  for  5-6  mm.,  so  that,  on  this  side 
also,  a  seeker  would  easily  pass  into  this  cul-desac  instead  of 
passing  through  the  pore. 

Bridge  does  not  mention  having  applied  the  injection  method 
to  this  species,  and  be  may  therefore  have  failed,  in  probing  the 
three  specimens  he  examined,  to  pass  the  seeker  through  the 
pore.  This,  I  found  on  trial,  may  often  happen,  even  when  the 
approximate  position  of  the  pore  ia  known.  S,  maculata  differs 
in  the  position  of  the  pore  from  all  the  other  species  of  Batoidei 
which  Bridge  investigated,  a  fact  which  would  further  tend  to 
have  misled  him.  Baia  mcunUata,  then,  I  believe,  does  not  form 
an  exception  to  the  Batoidei  on  Bridge's  list  in  wanting  abdom- 
inal porea 

To  this  list  I  can  add  six  species  from  my  own  observations. 

Pristidce. — No  member  of  this  family  had  been  shown  to  have 
open  abdominal  pores.    I  found  them  to  be  present  in  a  male 
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Pridis  zi/sron,  Blkr.  (about  90  cdl  long).  As  in  the  other  batoid 
fishes,  the  opening?  of  the  doacal  pits  are  placed  on  the  ventral 
surface  outside  the  cloaca.  They  lie  on  each  side  of  and  close  to 
the  hinder  end  of  the  longitudinal  slit  forming  the  cloacal 
.opening.  The  mercury  put  into  the  body-cavi^  poured  out 
•  freely  from  the  cloacal  pit& 

BhinobatiioR. — As  Semper  has  shown  the  nephrostomes  to  be 
absent  in  Bkinohaius  granulaius,  Cuv.,  I  took  occasion  to  ex- 
amine a  female  specimen,  and  found  both  abdominal  pores  to  be 
.  open  to  the  exterior  through  the  cloacal  pouches. 

Rhyrichohaius  djeddensis,  Forsk. — ^A  small  female  (21^  inches 
long)  had  an  open  abdominal  pore  on  the  right  side,  but  on  the 
left  the  pore  was  either  too  small  to  allow  the  muddy  spirit  in 
the  abdominal  cavity  to  be  pressed  out,  or  it  was  closed.  This 
was  a  museum  specimen,  and  not  available  for  dissection. 

ToRPKDiNlD-rE. — Torpedo  7iarA:e,Ris8o. — Semper  notes  the  absence 
of  nephrostomes  in  the  adult  Torpedo  macviajta.  There  is  no 
T.  Tnacvlata  in  the  very  full  synonomy  of  the  British  Museum 
Catalogue  of  Fishes,  but  T.  unimaculata,  Bisso,  is  given  as  a 
synonym  of  T.  narke,  and  on  this  animal  Semper,  in  all  proba- 
bility, made  his  observation.  Bridge  has  found  both  male  and 
female  to  possess  abdominal  pores  In  an  immature  female  I 
found  them  to  be  present. 

Nardiu  brasUiensis,  Olf. — Nephrostomes  do  not  exist  in  the 
adult,  according  to  Semper.  A  mature  male  in  the  British 
Museum  had  pores  opening  through  cloacal  pits,  similar  to  those 
of  other  BatoideL 

EAJiDiE. — JRaja  clavcUa,  L. — The  male  only  of  this  species  was 
shown  to  have  abdominal  pores  by  Bridge.  In  a  small  female 
(13  inches  long)  the  left  pore  was  open.  On  the  right  side,  in 
the  corresponding  place,  the  abdominal  wall  was  exceedingly 
thin,  but  there  was  no  perforation.  There  was  no  trace  of 
nephrostomes  remaining  in  the  kidneys. 

MYUOBATlDiE. — In  Mylidbatis  maatlata,  Gray,  the  pores  are 
open  in  the  young  female  (10^  inches  long),  as  they  are  also  in 
the  female  of  a  species  not  identified  belonging  to  this  genus  in 
the  collection  of  the  Cambridge  Museum  of  Comparative  Anat- 
omy. As  this  specimen  measures  only  8  inches  from  the  tip 
.of  the  snout  to  the  root  pf  the  tail,  it  may  be  the  young  form  of 
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one  of  the  known  species^  The  hinder  two-thirds  of  the  upper 
surface  ia  covered  with  small  white  spots.  I  could  find  no  nephros- 
tomes  in  the  kidneya 

Species  belonging  to  three  of  the  six  families  of  the  Batoidei 
came  under  Bridge's  observation.  I  have  found  abdominal  pores 
to  be  present  in  representatives  of  the  remaining  three  families, 
viz.,  Pristidse,  Rhinobatidse,  and  Myliobatid^.  I  have  also 
determined  the  early  disappearance  of  the  nephrodtomes  in  a 
species  of  the  Myliobatidse. 

In  addition  to  the  species  of  Batoidei,  this  group  of  elasmo- 
branch8(B)  contains,  as  far  as  can  be  stated  at  present,  six  species 
of  Carchariidse  and  one  of  the  Lamnidas,  L,  coi'mAica.  I  have 
examined  the  following : — 

Carcharias  gUmcus,  L, — A  female,  18  inches  long,  had  papillae 
placed,  unlike  most  Selachians,  outside  the  cloacal  opening  and 
behind  it.  There  were  no  cloacal  pouches;  the  conical  papillse  arose 
from  the  skin  of  the  ventral  surface  of  the  body,  and  pointed 
backwards.  They  contained  peritoneal  canals  opening  at  the 
apex  to  the  exterior.  This  must  have  been  a  newly-born  indi- 
vidual, as  a  foetus  in  the  Cambridge  Museum  measures  18^ 
inches.  Nevertheless,  it  agrees  with  Bridge's  description  of  a 
male  specimen,  5  feet  in  length,  except  that  in  this  case  the 
papillae  were  f  inch  long. 

GaUus  canis,  Bonap. — In  a  full-grown  female  the  pores  were 
small  (J  mm.  in  diameter),  and  opened  just  below  the  apex  of 
each  cloacal  papilla,  on  the  side  turned  towards  the  cloacal  pit. 
The  pits  were  shallow  depressions,  with  the  papillae  set  at  their 
anterior  end.  Bridge's  example  of  this  species  was  a  male,  with 
a  large  pore  on  the  right  papilla,  the  left  one  being  imperforate. 

Zygaena  malleus^  Bisso. — A  young  male  specimen,  15  inches 
long,  had  papillae  and  pores  resembling  very  closely  those  described 
above  in  a  young  Carcharias  glatun/s.  ' 

Mustdus  ktevis,  Bisso. — The  cloacal  papillae  were  small,  and 
perforated  at  the  apex  by  minute  pores,  in  a  female  measuring 
20  inches.     Cloacal  pits  could  hardly  be  said  to  exist. 

Mustdus  indgaricSy  M.  &  H. — A  fine  male  specimen,  over  3 
feet  in  length,  had  small  papillae,  with  very  small  apical  pores. 
No  cloacal  pouches  were  present.  Another  somewhat  smaller 
specimen,  a  female,  resembled  it ;  and  the  abdominal  pores  were 
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also  very  minute,  measuring,  in  the  spirit-contracted  condition  of 
the  tissues,  less  than  ^  mm.  across. 

Triads  semifascicUa,  Girard. — ^Abdominal  pores  are  present  in 
both  sexes,  but,  like  those  of  M.  mUgaris,  are  very  minute  open- 
ings. A  large  male  (34  inches  long)  had  cloacal  papilke  on  the 
cloacal  wall,  placed  like  those  of  Scy,  canicula,  but  without  cloacal 
pouches ;  the  perforation  was  at  the  apex.  A  small  female,  14 
inches  long,  had  a  right  imperforate  papilla,  and  a  left  papilla  with 
a  very  small  pore  at  the  tip. 

HOLOCEPHALA, 

Semper  has  shown  that  nephrostomes  are  absent  in  Ckimasra 
monstrosa.  The  presence  of  abdominal  pores  has  been  demon- 
strated by  Bridge  in  this  species,  and  they  are  usually  ascribed 
to  all  the  Holocephala.  I  have  not  been  able  to  find  any  refer- 
ence to  them  in  the  descriptions  of  the  new  American  Chimderoid, 
JETarriotta  raleighana.. 

Chimsera  monstrosa,  however,  agrees  with  the  Group  B  of  the 
Elasmobranchs  in  being  without  nephrostomes,  and  having 
abdominal  pores. 

Ganoidki. 

The  observers  who  have  investigated  the  structure  of  the 
renal  organs  in  these  fishes,  from  Semper  onwards,  agree  in 
denying  the  presence  of  nephrostomes  in  the  WolflBan  body  dt 
the  adult.  Only  in  Lepidost-eus  is  there  a  probability  of  the 
nephrostomes  persisting  throughout  life,  under  somewhat  peculiar 
conditions,  to  be  discussed  later.  Jungersen  has  found  nephros- 
tomes in  the  developing  Wolffian  body  (Urniere)  of  both  Amia 
ccUva  and  Acipenser  sturio  at  an  early  stage  (12  and  15  mm.  long) : 
he  was  not  able  to  trace  their  fate,  but  they  disappear  before  tiie 
adult  condition  is  reached. 

Johannes  Mtiller,  Hyrtl,  and  Stannius  all  attribute  abdominal 
pores  to  the  Sturiones  .without  exception,  and  to  certain  other 
ganoidSi  I  have  found  no  confusion  in  their  works  between 
abdominal  pores  and  genital  openings,  such  as  Max  Weber  has 
shown  to  abound  in  old  and  new  writings  on  teleosteans.  They 
were  careful  to  distinguish  between  (1)  the  genital  ducts  (Peri- 
,toneal-trichter)  opening  into  the  ureters,  and  through  them  to 
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the  exterior  by  an  unpaired  poms  v/rogenitalis ;  and  (2)  the  paired 
abdominal  pores  opening  on  each  side  of  the  anus,  and  making 
a  direct  passage  of  communication  from  the  body-cavity  to  the 
exterior.  The  ripe  ova,  in  all  ganoids  excepting  Lepidosteus,  fall 
into  the  body-cavity,  and  pass  out  through  the  proper  oviducts, 
not  through  the  abdominal  porea  The  genital  ducts  of  male 
ganoids  are  very  imperfectly  known ;  but  observations  of  Eathke, 
Balfour  and  Parker,  and  Wiedersheim,  as  confirmed  by  Semon, 
show  that  in  Lepidosteus  at  least,  and  probably  in  Acipenser 
and  Amia,  the  spermatozoa  are  carried  from  the  testis  through 
vasa  efiTerentia  leading  into  the  kidney  tubules,  and  so  through  the 
ureters  to  the  urogenital  pore.  So  that  in  neither  sex  are  the 
abdominal  pores  concerned  with  the  genital  functions 

Unfortunately  Bridge  makes  use,  in  his  account  of  the  abdom- 
inal pores  in  sturgeons,  of  a  passage  from  Bud.  Wagner,  and 
interprets  it  in  the  sense  that  in  A,  htiso,  A.  ddlaius,  and  A. 
ruthenus  the  abdominal  pores  open  into  the  ureters. 

If  this  were  really  the  case,  the  fact  would  be  of  considerable 
morphological  importance.  But  the  openings  into  the  ureters, 
Wagner  continues,  are  through  "  two  membranous  infundibuli- 
form  tubes,  which  are  united  with  and  open  into  the  two  wide 
ureters  about  the  middle  of  the  kidneys ;  behind  these  apertures 
is  a  valve  to  prevent  the  escape  of  the  urine  into  the  ventral 
cavity " ;  and  Wagner  correctly  describes  these  tubes  acting  as 
oviducts,  adding  that,  in  these  three  q)ecies,  there  are  no 
abdominal  pores. 

As  regards  the  absence  of  abdominal  pores,  Wagner  appears  to 
have  been  in  error,  as  Johannes  Miiller  and  Hyrtl  both  attribute 
them  to  all  Sturiones,  and  he  is  certainly  mistaken  in  saying  that 
the  ova  of  A,  stwrio  are ''  passed  through  the  abdominal  pores,  the 
openings  into  the  ureters  being  absent" 

Hyrtl  describes  the  "  membranous  inf  undibulif  orm  tubes  "  as 
present  in  both  sexes  of  A,  sturio,  and  as  opening  into  the  ureters ; 
this  is,  moreover,  confirmed  by  Stannius  and  by  A.  F.  J.  C. 
Mayer's  accoimt  There  is,  therefore,  no  difiference  between  the 
three  species  of  Acipeuser  named  above  and  A.  sturio  as  far  as 
oviducts  and  abdominal  pores  are  concerned.  The  abdominal 
pores  of  all  sturgeons  open  to  the  exterior,  one  on  each  side  of 
the  anus,  and  do  not  function  as  genital  ducts. 
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Pclyodon  (Spdtularia)  folium  has  abdominal  p(xeB(JL  Wagner 
and  HyrtI)  and  genital  ducts  as  in  Acipenaeridie  (HmlX 

Polypterus  Hchir  was  first  shown  to  have  abdominal  pores  by 
HyrtL  Thej  perforate  a  pair  of  papillae  placed  on  either  side  dL 
the  anus.  Job.  Miiller  did  not  detect  them,  and  stated  that  they 
were  wanting  in  his  Bau  und  Grenzen  der  Ganaiden^  1846,  p.  22. 
Hyrtl  found  them  by  the  method  I  used  for  their  detection  in 
eksmobranchs,  by  injecting  with  mercury,  and  adds  that  he 
could  not  find  them  in  any  other  way. 

CalarruncTUhys  calabariciu  also  has  abdominal  pores  in  a  similar 
position  (Bridge,  I.e.)  to  those  of  Polypterus. 

Amia  calvcu — ^This  fish  was  carefully  examined  by  Hyrtl,  and 
at  first  without  success,  for  the  presence  of  abdominal  pores.  He 
discovered  them  in  a  large  specimen  as  veiy  fine  canals,  and  was 
then  able  to  see  them  in  the  first  specimen,  where  they  were  so 
tightly  closed  by  shrinkage  and  hardening  of  the  tissues  in  spirit 
that  not  even  mercury  was  allowed  to  escape  through  them.  Hie 
negative  results  obtained  by  other  observers  in  Europe  may  very 
probably  be  due  to  the  same  cause&  I  know  of  no  observations 
on  this  point  having  been  made  on  fresh  material  Bridge  con- 
firms HyrtFs  observations,  adding  that  the  pores  are  open  in  both 
8exe&  He  describes  their  position  and  gives  a  diagram,  each 
agreeing  in  substance  with  Hyrtl's  description  and  drawing. 
This  positive  evidence,  especially  Hyrtl's  circumstantial  account, 
is  to  be  adopted,  rather  than  reliance  placed  on  negative  state- 
ments which  may  be  put  down  as  arising  out  of  the  difficulties  of 
the  case.  In  larvae  of  Amia  calvdy  16^  mnL  long,  the  abdominal 
pores  have  not  yet  appeared,  but  the  nephrostomes  are  still  open 
(Jungersen,  Lc.). 

Lepidoafevs  osseus.  finally,  like  all  other  known  Ganoids,  has 
abdominal  pores.  They  were  described  and  figured  by  Hyrtl 
and  mentioned  by  Bridge,  but  were  first  discovered  by  Job. 
MtlUer.  Their  occurrence  in  this  fish,  which,  unlike  the  other 
Ganoids,  has  a  tubular  ovary  in  continuity  with  the  oviducts,  is 
interesting  in  comparison  with  the  teleostean  genera  Mormyrus 
and  Gymnarchus,  which  also  poiasess  abdominal  pores  and  ovaries 
closed  to  the  body-cavity.  The  only  information  on  the  subject 
of  nephrostomes  in  Lepidosteus  is  given  by  Balfour  and  W.  N. 
Parker  {Sti^ucture  and  Devdopmeni  of  Lepidosteus,  MenL  Ed.,, 
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i  pp.  820-1).  In  a  young  fish,  about  11  cm.  long,  they  were  Btill 
present,  and  in  such  a  position,  between  the  insertion  of  the  ovary 
and  the  segmental  duct,  that,  "  from  the  mode  of  formation  of  the 
ovarian  sac,  the  openings  of  the  peritoneal  funnels  of  the  excre- 
tory organs  ought  to  open  into  its  lumen ;  and  if  these  openings 
persist  in  the  adult,  they  will  no  doubt  be  found  in  this  situation." 

It  is  not  xmlikely  that  this  will  prove  to  be  the  case,  and  if 
so  the  two  separate  divisions  of  the  body-cavity,  that  enclosed 
by  the  genital  fold  and  that  remaining  as  the  peritoneal  cavity, 
will  then  have  separate  communications  with  the  exterior  other 
than  the  oviducts.  But  the  general  rule  that  nephrostomes  and 
abdominal  pores  are  not  present  side  by  side  in  the  same  animal 
would  only  be  infringed  in  a  morphological  sense ;  the  function 
of  the  nephrostomes  would  be  specialised  and  only  have  reference 
to  the  cavity  of  the  ovary,  the  general  abdominal  cavity  being 
served  by  the  abdominal  pores  alone.  These  remarks  apply,  of 
course,  to  the  female  Lepidosteus  only.  In  males  the  nephros- 
tomes, according  to  Balfour  and  Parker's  account,  confirmed  and 
amplified  by  Semon,  serve  as  vasa  efTerentia,  and  form  a  closed 
system  of  genital  ducts  connected  with  the  testis  on  the  one  hand 
and  the  kidney  tubules  on  the  other ;  hence  they  are  not  in  com- 
munication with  the  body-cavity.  The  late  stages  of  development 
of  the  testis  and  its  ducts  will  probably  prove  of  great  interest  in 
this  and  also  in  other  Ganoids,  but  so  far  nothing  is  known  on 
the  subject 

No  special  mention  of  abdominal  pores  in  Lepidosteus  is  made 
by  Balfour  and  Parker,  but  they  include  amongst  the  distinctive 
characters  of  the  whole  group  of  Ganoids — "(7)  Abdominal 
pores  always  present"  That  this  is  a  correct  statement  is  not 
always  recognised  (Wiedersheim,  Grundr.  d.  vergl.  Anat,,  1893, 
p.  463),  but  it  may  now,  I  think,  be  accepted  with  the  above 
observations  before  us.  And  the  presence  of  abdominal  pores  in 
this  group  of  fishes  is  correlated,  as  far  as  is  known,  with  the 
absence  of  nephrostomes  opening  into  the  general  body-cavity. 

DiPNOL 

The  only  representative  of  this  group  of  which  enough  is 
known  to  entitle  one  to  make  a  definite  statement  is  Protopterus 
anneetenSf  Owen.    The  presence  of  nephrostomes  was  suspected 
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in  this  fish  by  Ayers,  but  W.  N.  Parker  and  Wiedersbeim  both 
state  most  emphatically  that  they  are  absent  in  the  adult. 
Ou  the  other  hand,  the  abdominal  cavity  communicates  with  the 
exterior  through  abdominal  pores,  which  appear  to  open  rather 
late,  since  Parker  found  them  closed  in  a  young  specimen  of 
which  he  cut  sections.  Owen  {Trans.  Linn.  Soc.,  vol.  xviiL  p.  343) 
gives  an  account  of  the  relations  of  the  unpaired  pore  to  the  body- 
cavity  and  anal  opening,  the  aperture  of  the  pore  being  situated 
within  the  common  cloacal  sphincter,  just  in  front  of  the 
anu&  The  position  of  the  anus  is  variable :  it  may  be  either  on 
the  right  side  or  the  left,  but  is  always  accompanied  by  the 
single  pore.  Stannius  gives  a  similar  account  in  his  Aruttomie 
der  Fische  (1854,  p.  184).  That  the  single  pore  is  equivalent  to 
a  confluent  pair  of  pores  is  shown  by  Ayers'  observation  that 
there  is  in  some  individuals  a  pair  opening  into  the  cloaca,  hue 
in  others,  where  the  external  opening  is  outside  the  cloaca,  it  is 
common  to  the  two  pores,  the  peritoneal  canals  uniting  just 
inside  the  opening,  as  described  by  Owen.  Wiedersheim's 
account  differs  from  Owen's  and  is  not  quite  clear,  but  he  also 
regards  the  pores  as  open.  His  footnote  saying  that  they  may 
also  be  absent  probably  refers  to  Parker's  observation  referred  to 
above* 

In  the  other  Dipnoi  nothing  is  known  of  the  finer  anatomy  or 
of  the  development  of  the  kidneys,  so  that  they  are  not  available 
for  the  purposes  of  the  present  discussion.  According  to  Hyrtl, 
Zepidosiren  paradoxa,  Fitz.,  has  no  peritoneal  canals  or  abdom- 
inal pores ;  ^  and  Bischoff,  in  his  monograph  on  this  fish,  make  no 
mention  of  such  openings.  Ceratodus,  on  the  other  hand,  is  well 
known  to  have  pores,  as  first  described  by  GUnther,  paired  and 
opening  behind  the  cloaca. 

The  one  species  of  Dipnoi,  then,  of  which  our  knowledge  is 
fairly  definite,  F.  annectcns,  is  without  nephrostomes,  but  has 
abdominal  pores. 


^  Ehlers  found  no  pores  in  bis  specimens,  and  they  were  also  absent  in  a  male 
and  a  female  taken  in  the  breeding  condition  by  Mr  Graham  Kerr,  which, 
through  his  kindness,  I  was  able  to  examine.  Ehlers  seems  to  be  doubtful  aa  to 
the  occurrence  of  nephrostomes  in  L.  p%radoxa. 
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Teleostei. 

The  subject  of  abdominal  pores  in  this  group  of  fighes  has  been 
80  fully  and  so  admirably  treated  by  Max  Weber,  more  especially 
with  respect  to  the  Salmonidae,  that  I  need  not  do  more  than 
very  briefly  sumimirise  his  results.  He  has  very  successfully 
cleared  up  the  confusion  into  which  almost  every  previous  writer 
had  involved  the  matter,  by  not  duly  discriminating  between 
genital  poi'es  and  true  abdominal  pores.  The  latter  never  serve 
under  normal  circumstances  as  genital  ducts,  and  the  very  simple 
oviducts  in  those  teleosteans  which  allow  the  mature  ova  to  fall 
into  the  abdominal  cavity,  e,g.,  Muraenidae,  are  not  homologous 
with  the  abdominal  pores  of  other  animala  In  the  Salmonidse 
the  ovary  is  a  simple  fold  of  the  peritoneum,  and  is  in  a  more 
primitive  condition  than  in  the  majority  of  bony  fishes,  where  it 
forms  a  tube  in  various  ways.  The  ova  are  sometimes  retained 
within  the  cavity  of  this  tube  and  developed  there ;  are  passed 
immediately  into  the  oviduct,  which  is  continuous  with  the 
tubular  ovary,  so  that  the  ova  do  not  become  free  in  the 
abdominal  cavity.  This  is  the  condition,  amongst  the  Ganoids, 
of  Lepidosteus,  in  which,  just  as  in  the  "  elasmoarian "  ganoids, 
abdominal  pores  are  present.  There  is  a  particular  interest 
attaching  to  the  Mormyridae  amongst  teleosteans,  as  they  present 
a  parallel  condition  to  that  of  Lepidosteus.  The  females  have 
a  tubular  ovary,  but  still  retain  abdominal  pores,  HyrtP 
examined  eight  species  of  Mormyrus,  viz.,  Sarie,  cyprinoides, 
dongatuSj  dorsalis,  oxyrhynchiis,  anguillaris,  zambacensis,  and 
caschive,  and  the  single  species  of  Gymnarchus  (nUoticm),  and 
in  all  of  these  the  abdominal  pores  were  present.  These  two 
similar  cases  deserve  attention  as  an  instance  of  evolution  pro- 
ceeding on  parallel  lines  and  quite  independently;  and  if  the 
course  of  evolution  is  rightly  interpreted  in  this  way,  further 
support  is  given  to  the  view  that  Lepidosteus  is  a  living  repre- 
sentative of  the  ganoids  ancestral  to  the  teleosteans 

Besides  the  Salmonidse,  there  are  other  families  of  Teleosts  in 
which  the  ova  fall  into  the  body-cavity  before  they  are  shed. 
These  are  the  Gulaxiidae,  Hyodontidse,  Bathythrissidae,  Notop- 

'  J.  HyrtI,  "Anat.  Mitth.  ueb.  Mormyrus  and  Gymnarchus,"  Denksehr.  d.  k, 
Akad,  Wiss.  in  fVien  Math,  not  CI ,  Bd.  xii.  pp.  1-22. 
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teridae,  and  Muraeiiidfle.  The  Characinidae  were  stated  to  resemble 
these  by  Valenciennes,  but  Sagemehl  has  shown  this  to  be  incor- 
rect ;  the  ovaries  are  closed  in  this  family.  It  has  not  yet  been 
shown  that  any  member  of  the  five  families  just  enumerated  has 
abdominal  pores,  and  the  last  named,  the  Muraenidse,  are  certainly 
without  them.  I  draw  attention  to  the  association  of  closed 
ovaries  with  abdominal  pores,  and  to  the  absence  of  pores  in 
some  of  the  families  which  have  the  primitive  form  of  ovary,  for 
the  following  reason:  Giinther  has  suggested  that  the  pores 
"may  serve  for  the  expulsion  of  semen,  and  those  ova  only 
which,  having  lost  their  way  to  the  abdominal  opening  of  the 
oviduct,  would  be  retained  in  the  abdominal  cavity."  If  this, 
however,  were  the  sole  function  of  the  abdominal  openings,  we 
should  not  expect  them  to  be  present  in  fishes  like  Lepidosteus 
and  Mormyrus,  with  a  closed  ovary,  where  the  ova  do  not  fall 
into  the  peritoneal  cavity,  nor  in  male  Teleosteans,  which  always 
emit  semen  from  the  testis  into  proper  ducts.  And  we  mi^t 
expect  to  find  them  in  fishes  like  the  Muraenidae,  where  the  ova 
fall  into  the  body-cavity,  but  there  they  are  absent. 

Two  families  of  Teleostei,  then,  have  species  with  true  abdom- 
inal pores,  Mormyridae  and  Salmonidae.  The-  Mormyridae  ex- 
amined for  this  feature  have  them  without  exception.  The 
Salmonidae,  according  to  Max  Weber's  careful  investigations, 
do  not  all  possess  pores.  They  are  lacking  in  both  sexes  of 
Osmenis  eperlamis,  L.,  and  in  Mallotus  vUlosus,  Cuv.  Of  Salmo 
fontincUis  and  S.  quinnat  immature  specimens  only  were  avail- 
able, and  only  one  of  the  former  had  a  pore  on  the  right  side, 
none  on  the  left ;  of  the  latter,  the  single  unripe  female  had  no 
pores.  Three  male  Salmo  fario,  L.,  included  one  immature  specimen 
(45  cm.  long)  without  pores,  but  another  (44  cm.  long)  had  both 
open,  and  a  third  mature  individual  had  one  (right)  open  and  the 
other  closed ;  indeed,  the  presence  of  a  definite  open  pore  does 
not  seem  to  be  essential  in  S.fario,  judging  from  the  experiments 
of  Guido  Schneider.  The  absence  of  pores  in  immature  Salmo  is, 
I  suspect,  to  be  put  down  to  their  late  appearance ;  for  in  the  case 
of  S,  sa/ar,  of  which  a  greater  number  were  examined,  pores  were 
always  present  in  the  larger  specimens ;  when  they  were  quite 
absent,  or  present  on  one  side  only,  the  individual  was  always 
one  of  the  smaller  specimens.    Twelve  female  &  solar  were  found 


ABDOMINAL  FORES  AND  NEPHfiOSTOMES  IN  FISHES.         507 

to  have  pores,  with  one  exception,  in  which  the  perforation  was 
not  complete.  Three  males  of  this  species  included  one  without 
pores  (106  cm.  long) ;  and  a  fourth  young  male,  only  22  cm.  long, 
had  no  pores.  The  species  in  which  pores  always  occurred  in 
both  sexes  are :  ArgeTdina  silvs,  Eisberg,  A.  hehridica  ( Yar.  spec), 
and  Coregombs  lavaretiis,  L.  (sensu  Collett).  Males  only  of  ScUmo 
truttay  L.,  were  seen ;  all  had  pores.  The  case  of  Coregomos  oxy- 
rhynchus  is  more  complicated.  All  males  had  open  abdominal 
porea  But  out  of  seventeen  females,  a  certain  number  were 
without  them.  Nine  unripe  females  included  only  one  without 
pores ;  but  of  eight  mature  females,  only  one  had  both  pores  and 
two  more  had  the  left  pore  only,  the  remaining  five  had  the  pores 
closed.  This,  Weber  considers,  is  due  to  the  pores  closing  up, 
perhaps  by  a  kind  of  inflammatory  process,  when  the  ovaries 
become  ripe. 

The  Salmonidae  generally  seem,  to  judge  from  the  above  facts, 
to  be  in  an  intermediate  condition ;  and  as  the  presence  of 
abdominal  pores  is  more  characteristic  of  lower  types  of  fishes, 
while  the  more  specialised  Teleosteans  do  not  possess  them,  I 
have  not  much  hesitation  in  saying  that  the  Salmonidae  are  on 
the  way  to  lose  the  pores  altogether.  Some  of  the  species  do  not 
acquire  them  until  they  are  quite  mature  and  large :  C  oocyrhyn- 
chus  appears  to  close  them  when  mature,  and  they  are  not  always 
present  in  unripe  females,  so  that  they  may  only  open  for  a  short 
time  during  the  ripening  of  the  ovary.  Lastly,  they  are  quite 
absent  in  at  least  two  species,  Osm,  eperlamis  and  M.  villosuSf 
which,  on  this  view,  would  approach  the  higher  bony  fishes. 

Nephrostomes  are  not  known  to  remain  open  in  this  group  of 
fishes,  if  the  pronephros  of  Fierasf er  be,  for  the  present,  disregarded. 
The  peritoneal  cavity  is  therefore  only  put  into  communication 
with  the  exterior  through  abdominal  pores  in  certain  Salmonidse 
and  Mormyridte,  through  the  oviducts  in  the  females  of  the 
Muraenidae  and  of  a  few  other  fishes  with  open  ovariea  In  the 
great  majority  of  the  Teleosteans,  however,  we  find  that  the 
general  peritoneal  cavity  is  completely  closed  in,  both  in  the 
male  and  the  female:  only  that  portion  represented  by  the 
lumen  of  the  ovary  is  open  to  the  exterior  through  the  oviduct. 
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Fig.  i. — EHagmn  Ehowiog  tiie  commnDicmUoii  b«t»Mn  bodf-otritj  >nd  exterior 
through  nepbroitaniei  only  ia  CtMlraeion,  Skina,  uid  errtun  other 
Selachiftni  before  attainipg  (nil  mte  or  maturitj  raspectirelj,  alio  in  Amia 
ealva  hrvK. 


FlO.  E. — Ditgnm  ahowing  the  commtinieiition  both  throngli  nephroctomM  and 

abdominal    porea    batwef"     """"■ ^*~    "~  '     ""     '~     ------    -  ■- ■' 

8c;11iiile  and  Spinacids, 


abdominal    norm    batveeu    body-caritj   and    exterior    in    certain    ailnlt 
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a,  6. — Diagntm  ehowing  the  commaDiotion  thraQgh  abdominal  parea  only 
belrween  body-cuTity  &Dd  exterior  in  Cuchariidie,  LamnidB,  and  Batoidei  ; 
in  HoloceplmU,  adult  Ganoidei,  certain  Dipnoi,  certain  S&lnonidn  uid  in 
Hormyridn. 
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ON  THE  ORIGIN  OF  VEKTEBEATES,  DEDUCED  FROM 
THE  STUDY  OF  AMMOCCETES.  By  Walter  H. 
Gaskkll,  M.D.,  LL.D,,  F.RS.,  University  Lectwrer  on,  Physi- 
ology \  Fellow  of  Trinity  ffaU,  Cambridge. 

Pabt  L — Thk  Origin  of  the  Brain. 

Part  IL — The  Origin  op  the  Vertebrate  Cranio-Facial 
Skeleton. 

Introduction. 

In  the  course  of  investigations  upon  the  sympathetic  nervous 
system,^  I  was  led  to  consider  the  relationship  between  the 
segmented  cranial  and  spinal  nerves,  and  in  consequence  to  put 
forward  evidence  to  show  that  the  cranial  nerves  were  built 
up  of  the  same  constituent  parts  as  the  spinal,  and  that  the 
plan  of  the  original  segmental  type  might  be  referred  back  to 
the  innervation  of  two  sets  of  organs,  segmentally  arranged, 
forming  thus  a  double  segmentation,  called  by  me  splanchnic 
and  somatic,  by  Ahlborn  branchiomeric  awd  mesomeric,  rather 
than  to  an  original  type  formed,  as  in  the  spinal  nerves,  of 
afferent  and  efferent  root&  The  following  out  of  this  idea 
led  to  the  recognition  that  this  dual  segmentation  in  the 
cranial  region  was  not  only  a  peripheral  segmentation  connected 
with  the  innervation  of  the  somatic  and  splanchnic  muscles, 
but  was  deep  seated  in  the  structure  of  the  central  nervous 
system  itself ;  in  that  the  centres  for  the  segmentally  arranged 
visceral  muscles,  t.e.,  muscles  belonging  to  the  splanchnic  seg- 
mentation, and  derived,  according  to  v.  Wijhe's  observations, 
from  the  lateral  plates  of  mesoblast,  viz.,  the  motor  nuclei  of 
origin  of  the  Vth,  Vllth,  IXth,  Xth,  and  Xlth  nerves,  formed 
a  separate,  segmentally  arranged  series  of  cell-groups,  all  belong- 
ing to  the  same  system,  and  distinct  from  the  cell-groups  which 
gave  origin  to  the  nerves  innervating  the  somatic  muscles,  t.^., 
the  muscles  derived  from  the  mesoblastic  somites. 

^  Joum.  Physiol. f  vol.  yii.  p.  1,  1886,  "On  the  Structure,  Distribution,  and 
Function  of  the  Nerves  which  innervate  the  Visceral  and  Vascular  Systems." 
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The  further  consideration^  of  the  comparison  between  spinal  and 
cranial  nerves  and  their  centres  of  origin  in  the  central  nervous 
system,  led  me  to  the  same  conclusion  as  the  older  anatomists, 
viz.,  that  the  central  nervous  system  of  the  vertebrate  was  built 
up  of  a  paired  series  of  centres  or  ganglia,  each  pair  of  which  gave 
origin  to  a  pair  of  segmental  nerves ;  and  I,  like  my  predecessors, 
was  immediately  struck   with   the  close  resemblance   of  the 
arrangement  of  the  vertebrate  nerve  centres,  and  their  connections 
with  those  of  the  great  appendiculate  group  of  invertebrates.   This 
line  of  thought  led  to  further  consideration  of  the  reasons  why 
such  a  manifest  resemblance,  functionally,  structurally  and  topo- 
graphically, between  the  invertebrate  and  vertebrate  nervous 
systems,  had  been  in  the   present  day  discredited  and  allowed 
to  fall  into  the  background;  and  it  immediately  became  clear 
that  the  main  reason,  the  one  stimibling-block,  was  the  tubular 
formation  of  the  vertebrate  central  nervous  system.    The  ques- 
tion thereupon  arose  in  my  mind,  Is  this  tube  really  a  part  of 
the  nervous  system;  or  can  we  look  upon  the  tube-formation 
as  one  thing,  and  the  segmental  grouping  of  nerves  and  ganglia 
as  another  and  separate?      Imagine  a  central  nervous  system 
of   the  invertebrate  type  grouped  around  a  non-nervous  epi- 
.  thelial  tube,  what  would  that  mean  ?    Immediately  it  was  plain 
that  this  epithelial   tube  behaved  itself  topographically  to  the 
vertebrate  central  nervous  system  precisely  as  the  alimentaiy 
canal  tube  of  the  Appendicukta  to  its  central  nervous  system ;  and 
I  wiis  therefore  led  to  the  conclusion  that  it  was  well  worth  see- 
ii^  how  the  resemblances  would  accord  with  the  hypothesis  that 
the  vertebrate  central  nervous  system  was  derived  from  one  of  an 
appendiculate  type  by  the  simple  process  of  growth  of  nervous 
material  over  the  pre-existing  alimentary  canal.    Following  out 
this  thought,  I  saw  at,  once  that  the  cerebral  hemispheres,  with 
the  optic  and  olfactory  nerves,  corresponded  exactly  with  the 
supra-oesophageal  ganglia,  with  their  optic  and  olfactory  nerves ; 
.  that  the  crura  cerebri,  with  the  infundibular  epithelial  tube  pass- 
ing between  them  to  reach  the  ventral  surface  of   the   brain, 
corresponded  exactly  with  the  oesophageal  commissures;  and 

^  Jowm,  Physiol.^  vol.  x.  p  153, 1889,  *'  On  the  relation  between  the  Structure, 
Function,  Distribution,  and  Origin  of  the  Cranial  Nerves,  togethet  with. a  Theory 
of  the  Origin  of  the  Central  Nervous  System  of  Yertebrata." 
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what  seemed  to  me  almost  positive  proof,  the  pineal  eyes 
fitted  harmoniously  into  their  natural  place  as  the  relics  of 
the  median  eyes  of  the  invertebrate  ancestor.  The  considera- 
tion of  the  pineal  eye  led  me  to  the  conclusion  that  that 
invertebrate  ancestor  belonged  to  the  Arthropoda  rather  than  to 
the  Annelida ;  and  this  consideration,  along  with  others, 
led  me,  from  the  very  first,  to  the  conclusion  that  investiga- 
tion into  further  resemblances  ought  to  be  carried  on  in  the 
limulus  type  of  arthropod.  I  arrived  at  these  conclusions  in 
1887 ;  and  in  the  autimmof  that  year  I  sent  a  MS.  embody- 
ing my  views  to  Prof.  Huxley,  who  wrote  back  urging  me 
to  delay  publication  until  I  had  considered  the  matter  further. 
I  did  not,  therefore,  publish  that  autumn,  but  waited  until  the 
next  year,  when  I  read  a  paper  ^  on  23rd  June  1888  to  the 
Anatomical  Society,  stating  the  conclusion  I  had  arrived  at. 
The  next  year,  1889,  a  fuller  consideration  of  these  views  was 
published  in  the  Journal  of  Physiology  and  in  Brain^  and  in 
the  latter  I  especially  pointed  out  that  the  study  of  the  pineal 
eye  in  the  Ammocoetes  or  larval  lamprey  had  convinced  me 
that  this  eye  arose  from  a  median  eye  of  the  arthropod  type. 
Between  1888  and  1890  I  had  been  studying  the  structure  and 
arrangement  of  the  central  nervous  system  of  the  Ammocoetes, 
in  the  full  conviction  that,  if  I  was  right,  the  separation  of  the 
epithelial  tube  from  the  nervous  material  proper  must  be  much 
more  conspicuous  here  than  in  the  higher  Vertebrata,  and  the 
whole  nervous  system  proper  must  be  much  more  comparable  with 
that  of  an  Arthropod,  such  as  Limulus.  Such  I  found  to  be 
the  case,  .far  beyond  my  expectations ;  and  the  examination  of 
the  Ammocoetes  brought  to  light,  further,  so  many  hitherto  un- 
suspected links  between  the  vertebrate  and  arthropod,  that 
I  determined  to  publish  a  series  of  papers  on  the  different  tissues 
and  organs  of  Ammocoetes,  with  the  express  intention  of  show- 
ing how  they  were  derivable  from  corresponding  arthropod  tissues 
and  organs:  accordingly,  in  1890,*  I  published  chapter  1  on 
the  central   nervous  system    of  Ammocoetes  in  the  Quarterly 

^  Joum.  ofAncU.  and  Physiol, ,  vol.  xxiii.,  1888. 

«  Brain,  vol.  xii.,  July  1889,  p.  1,  **  On  the  Origin  of  the  Central  Nervous 
System  of  Vertebrates." 

•  Quart,  Joum,  Micros,  Sci,,  1890,  ''"On  the  Origin  of  Vertebrates  from  a 
Crustacean-like  ancestor,"  ' 
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Jawmcd  of  Microscopical  Science,  In  this  pftper  I  diowed  how 
the  conclnsiong  at  which  I  had  arrived  in  1887  were  confirmed 
by  the  study  of  80  low  a  vertebrate  as  AnuDocoeieB.  In  the 
flame  number  of  the  Journal  in  1890,  Fatten  ^  pablisbed  a  paper 
giving  the  reasons  why  he  consid^ied  vertebrates  to  be  derived 
from  arachnids,  without,  however,  giving  any  reference  to  my 
previous  publications. 

Owing  to  a  difference  of  opinion  between  the  editors  of  the 
Qvxtrtcrly  Jourrud  and  myself  upon  the  value  of  my  further  con- 
tributions on  this  subject,  I  determined  to  seek  another  channel 
of  publication ;  and  in  order  to  put  my  views  brfore  the  scientific 
world  without  further  delay,  I  took  the  opportunity  afforded  me, 
as  President  of  the  Physiological  Section  of  the  BritiBh  Associa- 
tion, at  its  meeting  in  Liverpool  1896,  with  the  full  consent,  and 
indeed,  I  may  say,  at  the  instigation  of  the  sectional  organising 
committee,  to  lay  before  the  public  a  statement  of  the  conclu- 
sions at  which  I  had  arrived  upon  the  origin  of  vertebratea 
Such  d  statement  in  such  an  address  is  necessarily  somewhat 
dogmatic,  and  cannot  possibly  deal  with  the  details  upon  which 
the  conclusions  are  based.  I  propose,  therefore,  in  this  and  in 
the  following  papers,  to  take  as  the  text  of  my  discourse  that 
address  at  Liverpool,^  and  to  fill  in  as  I  go  along  the  details  of 
evidence  which  were  there  wanting. 

In  the  first  place,  I  will  briefly  sketch  the  history  of  the  views 
which  have  been  held  upon  the  origin  of  Vertebrates ;  as  I  consider 
that,  in  a  matter  of  this  sort,  we  obtain  a  much  better  judgment 
of  the  present  position  of  the  question  if  we  see  how  it  has  arisen, 
than  if  we  consider  it  without  any  historical  retrospect 

Historical, 

In  considering  the  history  of  the  various  views  held  from  time  to 
time  upon  the  origin  of  Vertebrates,  we  may  commence  with  Geoffroy 
St  Ililaire,^  who,  in  1822,  advocated  the  view  that  a  general  plan  of 
organisation  existed  in  the  animal  kingdom,  and  considered  that  the 
vertebrates  fitted  into  that  plan  if  only  thoy  were  considered  as 

^  QiMTt  Joum,  Micros,  Set,,  1890,  "  On  the  Origin  of  Vertebrates  from  Arach- 
nidB." 

>  JUport  of  the  British  Assoc.,  1896,  p.  942,  and  Nature, 

9  «  Philosophie  Anatomique"  and  **  Sur  la  Yert&bre"  in  La  JRevue  Ene^p^ 
dique,  1822. 
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invertebrates  in  which  the  dorsal  and  ventral  surfaces  had  been  inter- 
changed, so  that  the  relation  of  alimentary  canal,  nervous  system,  and 
heart  in  this  way  became  the  same  for  the  Annelida,  MoUusca,  Arthro- 
poda,  and  Yertebrata.  This  view  was  strongly  opposed  by  Cuvier,^ 
but  received  support  in  many  directions,  especially  from  the  work  of 
Newport,^  Treviranus,  and,  later,  of  Leydig,^  in  which  it  was  shown 
how  easOy  the  different  parts  of  an  arthropod  brain  homologised  with 
the  corresponding  parts  of  the  vertebrate  brain. 

Up  to  1866  the  relationship  of  the  higher  invertebrates  to  vertebrates, 
based  upon  anatomical  and  physiological  considerations,  was  considered 
certain.  In  that  year  there  appeared  the  memoir  by  Kowalewsky  ^ 
npon  the  larval  form3  of  asddians,  in  which  he  concluded  that  such 
forms  were  vertebrate  in  character,  and  that  therefore  the  Yertebrata 
had  ariaen  from  the  tunicates.  This  paper  led  to  considerable  dis- 
cussion, its  conclusions  being  objected  to  strongly  by  v.  Baer,  ^  while 
it  was  confirmed  and  its  conclusions  strengthened  by  Kupffer.^  Gegen- 
baur  was  inclined  to  accept  it  in  his  Comparative  Anaiomy^  2nd  ed., 
1870,  p.  723,  for  he  considered  that  it  was  impossible  to  homologise 
the  vertebrate  brain  and  spinal  cord  with  both  supra-  and  infra- 
OBSophageal  ganglia  and  ventral  chain  of  the  annelid  or  arthropod 
invertebrate  groups,  but  only  with  the  supra-cesophageal. 

In  1875  this  view,  that  the  vertebrates  were  derived  from  tunicates, 
which  had  become  at  that  time  the  popular  one,  was  destined  to 
receive  a  rude  shock  from  the  simultaneous  work  of  Semper,^  Balfour,^ 
and  Dohrn.^  Back  swang  the  pendulum,  and  again  the  segmented 
annelids  became  first  favourite  in  the  race.  This  change  in  opinion 
was  brought  about  through  the  simultaneous  observations  of  Semper 
and  Balfour  upon  the  close  resemblance  between  the  structure  of  the 
segmental  organs  of  worms  and  of  vertebrates,  and  through  Dohrn's 
paper,  which  pointed  out  that  the  evidence  was  stronger  to  show  that 
Amphioxus  and  tunicates  were  degenerate  forms  of  vertebrate  ances- 
tors, whose  nearest  vertebrate  type  was  to  be  found  in  Ammocoetes, 
than  that  they  were  like  the  ancestral  vertebrate  forms.  Dohm 
therefore  became  a  strong  advocate  of  the  original  view  of  Geoffroy 
St  Hilaire — that  the  vertebrates  were  derived  from  appendlculate 
forms,  in  which  a  reversal  of  back  and  front  had  taken  place.  Dohm 
further,  recognising  the  necessity  in  such  a  comparison  of  accounting 

1  La  Mevue  EneylopAUque,  Tome  zvii.,  1828,  and  Annal,  d.  Sei,  Nat.,  Tome 
xiz.  p.  241,  1880. 
s  FhU.  Trans  ,  1843. 
'  Bau  des  thieriseh&n  KorperSt  Tubingen,  1864. 

*  Mem.  Acad,  Imp.  d,  St  Pelersbonrg,  x.,  1866. 

■  Mem.  Acad.  Imp,  d,  St  Peterabourg,  ziz.,  1873. 

*  Archie,  f.  Micros,  Anat,,  B4  vi 

7  ArheUen  aiM  d,  zooL-zootom,  Inslitut,  in  TFUrzburg,  1874. 

*  Quart  Joum,  of  Micros.  Sci,,  1874,  andJoum,  of  Anat,  and  Physiol,  ^  vol. 
X.,  1875. 

*  Der  Ursprung  der  WirhsUhiers  und  das   Princip  des  Functicnswechsds^ 
Leipzig,  1875. 
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for  a  supra-  and  infra-OBsdphageal  mass,  supposed  Chat  the  vertebrate 
mouth  was  a  new  formation,  formed  out  of  a  coalesced  pair  of  gill 
slits,  while  the  original  invertebrate  mouth  and  cesophagus  must  have 
disappeared ;  the  position  of  the  tube  from  mouth  to  gut  between  the 
(Bsophageal  commissures  being  shown  by  the  thin  dorsal  wall  of  the 
fourth  ventricle  and  the  region  of  the  hypophysis. 

In  addition  to  this  attempt  of  Dohrn  to  account  for  the  remains  of 
the  old  invertebrate  oesophageal  tract  in  the  vertebrate  brain,  as  early 
as  1866  Owen  had  argued  on  similar  lines,  and  in  1881  and  1883 
gave  in  his  adherence  to  the  annelid  view,  and  considered  that  the 
position  of  the  old  cesophagus  was  indicated  by  the  conario-hypo- 
physial  tract,  ^  a  view  which  had  already  been  suggested  by  Geotfroy 
St  Hilaire, — the  position  of  the  old  mouth  being  the  region  of  the 
pineal  body.  Balfour,  in  discussing  the  ancestry  of  vertebrates, 
although  inclined  to  the  annelid  theory,  yet  was  unable  to  accept  either 
Dohm's  view  or  Owen's  view,  and  did  not  consider  that  there  was 
any  evidence  in  the  vertebrate  nervous  system  of  any  piercing  through 
on  the  dorsal  side  of  a  mouth  tube,  and  indeed  that  the  whole  theory 
of  reversal  of  surfaces  was  too  improbable.  He  therefore,  in  1878, 
suggested  that  the  nemer tines  might  represent  a  type  from  which 
both  annelids  and  vertebrates  have  sprung  as  two  diverging  branches, 
the  two  lateral  nerves  of  the  nemertine  ancestors  being  supposed  to 
approach  each  other  and  meet  on  the  ventral  surface  to  form  the 
halves  of  the  annelid  nerve  cord ;  and  on  the  opposite  or  dorsal  sur- 
face, to  form  the  central  nervous  system,  the  brain  and  spinal  cord  of 
the  vertebrates. 

Hubrecht,^  in  1880,  accepted  Balfour's  view  of  the  origin  of  verte- 
brates from  the  nemertines,  but  suggested  that  the  lateral  nerves 
corresponded  to  the  lateral  line  nerves  of  fishes,  and  that  the  verte- 
brate nervous  system  arose  from  a  median  dorsal  nerve  which  is  found 
in  some  nemertines  in  addition  to  the  two  lateral  nerves. 

This  suggestion  of  Hubrecbt  and  Balfour  marks  a  turning  point  in 
the  history  of  the  question ;  for  whereas  up  to  this  point  the  supposed 
ancestor  belonged  to  a  large  group  of  existing  animals,  viz.,  the 
Appendiculata  or  Tunicata,  the  details  of  whose  organisation  could 
be  compart  d  with  those  of  Vertebrata,  no  such  group  of  segmented 
worms,  as  their  hypothesis  demanded,  had  ever  been  found ;  so  that, 
instead  of  there  being  a  possibility  of  checking  the  vaUdity  of  their 
theory  by  direct  anatoinical  comparison  of  the  details  of  structure 
between  vertebrates  and  their  immediate  supposed  ancestral  inverte- 
brate group,  the  only  possible  attempt  to  prove  it  must  be  based,  as 
far  as  anatomy  is  concerned,  on  the  structural  resemblances  between 
vertebrates  and  confessedly  remote  ancestors,  and  the  main  burden 
was,  of  necessity,  transferred  from  anatomy  to  embryology ;  for,  as 
there  were  no  living  immediate  ancestors,  the  only  chance  was  the 

interpretation  of  the  early  developmental  history  of  the  vertebrate  on 

•  > 

^  Essays  on  the  Conario-HypophysicU  Tracts  and  the  Aspects  of  the  Body  in 
Vertebrate  and  Invertebrate  Animals ^  London,  1883. 
^  QxmrL  Joum.  of  Micros.  Sci.,  18S0. 
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the  hypothesis  that  ontogeny  reproduced  phylogeny.  The  tendency 
of  this  line  of  thought  was  naturally  to  put  in  the  background  resem- 
blances obtained  from  the  comparative  anatomy  of  the  adult,  and  to 
magnify  the  importance  of  speculations  derived  from  the  interpreta- 
tion of  early  developmental  phenomena,  so  that  free  scope  was  given 
to  the  reins  of  fancy,  and  speculations  were  freely  indulged  in  &s  to 
the  manner  in  which  vertebrates  might  have  been  evolved  out  of 
various  primitive  invertebrate  groups.  Such  speculation  has  led  largely 
to  a  confession  of  hopelessness  with  regard  to  the  question.  The  view 
that  vertebrates  are  derived  from  flat  worms,  or  from  coelenterates,  is  a 
derivation  from  ancestors  so  remote  as  to  have  really  very  little  bearing 
upon  the  nature  of  the  form  from  which  vertebrates  have  immediately 
arisen.  Among  these  various  speculative  theories,  one  only  has  come 
forward  prominently,  that  of  Bateson,^upon  the  affinity  of  Balanoglossus 
to  Ampluoxus,  and  so  to  vertebrates.  This  speculation,  which  has  been 
opposed  by  Spengel  ^  in  Germany,  on  the  grounds  that  neither  the 
so-called  notochord  of  Balanoglossus,  uor  the  central  nervous  system, 
nor  the  gill  slits,  are  homologous  with  those  of  vertebrates,  and  has 
received  its  main  support  in  England,  brings  back  Amphioxus  and  the 
tunicates  more  directly  into  the  ancestral  line,  and,  through  the  sup- 
posed affinities  of  the  larval  Balanoglossus  with  Echinodermata,  links 
on  a  primitive  large  invertebrate  group  with  the  vertebrates.  The 
difficulty  of  the  speculation  lies  in  the  fact  that  between  Echinoder- 
mata and  the  lowest  Vertebrate — a  gap  which  cannot  be  bridged  over 
without  an  enormous  number  of  forms — ^no  intermediate  forms  have 
been  found,  or  even  suggested,  except  such  doubtful  isolated  forms 
as  Cephalodiscus,  Hhabdopleura,  and  Balanoglossus. 

In  this  sketch  of  the  history  of  the  question  one  fact  stands 
out  prominently.  Whatever  other  theories  have  been  put  forward 
to  explain  the  origin  of  vertebrata,  no  one  of  them  has  been  able 
to  overcome  the  strong  feeling  that  a  relationship  must  exist 
between  the  Vertebrata  and  the  Appendiculata,  owing  to  the  fact 
that  the  latter  group  alone  possesses  a  central  nervous  system 
comparable  to  that  of  vertebrates.  Throughout  the  whole  history, 
champions  of  the  origin  from  the  Appendiculata  have  always 
come  forward ;  and  -the  one  reason  why  they  have  not  been  able 
to  make  any  real  advance  in  their  views  has  been  the  difficulty 
of  accounting  for  the  altered  relations  of  alimentary  canal  and 
n'ervoufi  system  in  the  two  groups.  My  theory  solves  this  diffi- 
culty ;  for,  by  the  recognition  that  the  central  canal  of  the  verte- 
brate central  nervous  system  is  the  old  alimentary  canal  of  the 

1  Quart.  Joum.  of  Micros,  Sei.,  Yoh  xxvL,  1886. 

3  XHe  EnterojmeiLstenj  Berlin,  1893.     See  also  Lang,  Text-Book  of  Comparative 
Anatomy,  traiMlated  by  H.  M.  aiid  M.  Bernard,  pt.  ii.,  1896,  p.  591. 
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appendiculate  animal,  the  necessity  of  reversal  of  surfaces  is 
done  away  with ;  tiie  infundibular  canal,  which  has  throu^out 
the  whole  history  been  looked  upon  as  the  remnant  of  the  original 
oesophagus,  is  seen  rightly  to  form  a  part  of  the  old  oesophageal 
tube ;  and  finally,  the  invertebrate  median  eyes,  which  become  the 
pineal  gland,  receive  their  appropriate  and  necessary  explanation 
as  the  median  eyes  of  the  arthropod  ancestor.  All  the  old  diffi- 
culties associated  with  the  view  of  an  appendiculate  ancestor 
vanish ;  and  an  enormous  number  of  new  topographical  and  histo- 
logical coincidences  are  immediately  made  manifest, — coincidences 
which,  although  somewhat  apparent  before,  were  rendered  exceed- 
ingly difficult,  if  not  impossible,  of  explanation  as  long  as  the  back 
of  the  one  animal  was  looked  upon  as  the  front  of  the  other. 
One  new  difficulty  is  introduced,  viz.,  the  formation  of  a  new 
alimentary  canal  in  the  vertebrate  group ;  and  I  imagine  that 
the  question  of  the  acceptance  of  this  theory  of  mine  depends 
upon  whether  the  difficulty  of  accepting  the  possibility  of  the 
formation  of  a  new  alimentary  canal  is  sufficiently  great  to  over- 
power all  evidence  of  the  topographical  and  lustolc^cal  coin- 
cidences. In  these  papers  I  propose  to  put  forward  the  evidence 
which,  in  my  opinion,  gives  a  clue  as  to  the  manner  in  which 
that  new  canal  was  formed,  and  I  shall  take  in  order  the  origin 
of  the  cartilaginous  skeleton,  of  the  striated  muscles,  the  cranial 
nerves,  and  the  other  organs  of  ihe  body ;  and  finally,  after  such 
evidence  has  been  given,  see  what  conclusion  is  arrived  at  as 
to  the  formation  of  the  new  alimentary  canal. 

In  any  attempt  to  decide  the  line  of  descent  of  any  group  of 
animals,  certain  principles  can  be  laid  down  which  must  agree 
with  the  argument.  The  following  principles  were  laid  down 
by  Shipley  in  the  discussion  at  Cambridge  upon  my  paper  read 
at  the  Philosophical  Society  on  26th  Ilovember  1895 :  ^ — 

1.  In  assuming  variations  to  arise  in  an  ancestor,  the  amount 
of  change  assumed,  and  its  direction,  must  agree  with  the  kind 
of  variation  known  to  exist  in  the  various  members  of  the 
group  to  which  the  ancestor  belongs,  and  the  amount  of  varia^ 
tion  assumed  should  be  limited. 

To  this  principFe  I  would  add — 

2.  The  kind  of  variation  by  which  members  of  the  higher 

^  Ptoc.  Cambridge  PhUos.  Soei$ty,  yol.  iz.  p.  19,  189(ii. 
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group  have  steadily  risen  from  the  lowest  to  the  highest  form 
must  be  in  accordance  with  the  supposed  variations  by  means  of 
which  the  lower  group  has  approximated  to  the  higher. 

3.  Changes  of  function  can  arise  when  the  new  function  coexists, 
perhaps  subordinately,  with  the  primary  function ;  or  coexists  in 
another  member  of  the  same  group,  or  in  one  of  its  larval  forms. 

Here  I  would  add  another  principle,  not  mentioned  in  Shipley's 
list: 

4.  Organs  that  are  clearly  rudimentary  in  the  higher  group 
must  be  derived  from  corresponding  organs  which  axe  functional 
in  the  lower. 

5.  In  phylogeny  we  must  look  at  the  most  elementary  of  the 
animals  whose  ancestors  we  seek. 

6.  In  any  attempt  at  phylogeny,  the  embryological  unities 
must  be  observed. 

Such  a  statement  of  the  principles  upon  which  an  investigation 
of  the  origin  of  vertebrates  must  take  place  is  most  just ;  and  the 
only  fault  that  can  be  found  with  these  six  principles  is  the  diflS- 
culty,  in  the  case  of  the  last  principle,  of  being  sure  of  what  is 
meant  by  the  *  embryological  unitiea'  I  w6uld  rather  sub- 
stitute— 

6.  Any  explanation  of  the  origin  of  a  higher  group  from  a 
lower  group  must  be  confirmed  by  the  study  of  the  development 
in  the  higher  group. 

In  that  discussion  it  was  asserted  that  my  theory  ran  counter 
to  these  fundamental  principles.  As,  in  my  opinion,  these  prin- 
ciples are  right,  it  is  absolutely  necessary  to  consider  for  every 
part  of  my  theory  whether  it  is  in  harmony  with  these  principles 
or  not  In  the  first  instance,  then,  I  will  take  my  theory  of  the 
origin  of  the  vertebrate  brain,  and  see  whether  or  no  it  is  in 
harmony  with  these  six  principlea 


Part  I. — On  the  Origin  of  the  Brain. 

Fbinciflb  1. — In  a&suming  variations  to  arise  in  an  ancestor, 
the  amount  of  change  assumed,  and  its  direction,  must 
agree  with  the  kind  of  variation  known  to  exist  in  the 
various  members  of  the  group  to  which  the  ancestor 
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belongs,  and  the  amonnt  of  variation  assumed  should  be 
limited. 

How  does  this  principle  apply  to  my  hypothesis  of  the 
manner  in  which  the  brain  of  vertebrates  has  been  formed  ? 
My  hypothesis  asserts  that  the  vertebrate  brain  has  been  formed 
by  the  concentration  and  steady  growth  of  the  supra-  and  infra- 
oesophageal  ganglia,  together  with  their  connecting  oesophageal 
commissures  around  the  oesophagus  and  original  cephalic  stomach, 
to  such  an  extent  that  the  oesophagus  has  become  functionless, 
and  the  walls  of  the  cephalic  stomach  have  become  in  part  the 
lining  epithelium  of  the  ventricular  cavities  and  partly  their 
membranous  roofs,  or  choroid  plexusea  We  ought  there- 
fore to  find,  in  the  first  place,  that  in  the  arthropod  group 
there  is  evidence  of  such  pro^essive  concentration  or  cephali- 
sation  of  the  infra-oesophageal  ganglia  as  to  form,  together  witli 
the  supra-oesophageal  ganglia  and  the  oesophageal  commissures, 
a  brain  mass  directly  comparable  with  the  brain  mass  of  a  low 
vertebrate  like  Ammocoetea  We  ought  to  find,  in  the  second 
place,  that  such  progressive  cephalisation  has  interfered  very 
seriously  with,  or  at  all  events  has  been  accompanied  by,  a 
diminution  in  the  calibre  of  the  oesophagus  of  so  marked  a 
character  as  to  point  directly  towards  a  complete  closure ;  and  in 
close  connection  with  this  we  ought  to  find,  in  the  third  place, 

« 

that  in  this  very  group  the  alimentary  canal  and  the  nervous 
system  give  indications  of  their  future  fusion. 

1.  The  Principle  of  Cephalisation. 

It  is  impossible  to  conceive  a  naore  perfect  example  of  the 
truth  of  this  principle  than  is  afforded  by  the  Appendiculata. 
The  segmented  annelid  type  of  nervous  system  consists  of  a 
supra-oesophageal  ganglion,  composed  of  the  fused  ganglia  belong- 
ing to  the  pre-oral  segments,  and  an  infra-oesophageal  chain  of 
separate  ganglia.  With  the  modification  and  concentration 
around  the  mouth  of  the  mc6t  anterior  locomotor  appendages  to 
form  organs  for  prehension  and  mastication  of  food,  a  corre- 
sponding concentration  and  fusion  of  the  ganglia  belonging  to 
these  segments  takes  place,  so  that  finally,  in  the  higher  annelids, 
and  in  most  of  the  great  arthropod  group,  a  fusion  of  a  number 
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of  the  most  anterior  ganglia  has  taken  place  to  form  the  infra- 
oesophageal  ganglion  mass.  Further,  the  nervous  system  of  most 
of  the  Arthropoda  may  be  divided  into  the  following  groups : — 
(1)  Pre-oral  or  supra-oesophageal ;  (2)  infra-oral  or  infra-oeso- 
phageal;  which  again  may  be  divided  into  prosomatic,  meso-  , 
somatic,  and  metasomatic,  if  we  use  these  terms  in  their  most 
general  signification. 

The  infra-oesophageal  ganglion  mass,  then,  in  most  of  the 
Arthropoda  may  be  spoken  of  as  formed  by  the  fusion  of  the 
prosomatic  or  mouth  ganglia,  the  mesosomatic  and  metasomatic 
remaining  separate  and  distinct.  The  number  of  ganglia  which 
have  fused  ia  seen  by  examination  of  the  embryo,  in  which  it  is 
easy  to  see  indications  of  the  individual  ganglia  or  neuromeres, 
although  all  such  indication  has  disappeared  in  the  adult :  thus 
the  infra-oesophageal  ganglia  of  the  crayfish  has  been  shown  to 
be  constituted  of  six  prosomatic  ganglia. 

In  fig.  1  I  give  figures  of  the  central  nervous  system  (with 
the  exception  of  the  abdominal  or  metasomatic  ganglia)  of 
Branchipus,  Astacus,  Limulus,  Scorpio,  Androctonus,  Thely- 
phonus,  and  Ammocoetes.  In  all  the  figures  the  supra-cesophageal 
ganglia  are  lined  horizontally,  and  their  nerves  shown,  viz., 
optic  (lateral  eyes  (II)  and  median  eyes  (II)),  olfactory  (I)  (1st 
antennse,  camerostome  nose) ;  then  come  the  prosomatic  ganglia, 
dotted,  with  their  nerves  (A)  supplying  the  mouth  parts,  and 
the  2nd  antennae  or  chelicerse ;  then  come  the  mesosomatic,  lined 
horizontally,  with  their  nerves  (B)  supplying  respiratory  append- 
agea  These  figures  show  that  the  concentrated  brain  mass 
around  the  oesophagus  of  an  arthropod,  which  had  arrived  at 
the  stage  of  Astacus,  is  represented  by  the  supra-cesophageal 
ganglia  and  the  fused  prosomatic  ganglia. 

The  next  stage  in  the  evolution  of  the  brain  is  seen  in  the 
gradual  inclusion  of  the  mesosomatic  ganglia,  one  after  the  other, 
into  the  infra-oesophageal  mass  of  the  already  fused  prosomatic 
ganglia.  With  this  fusion  is  associated  the  loss  of  locomotion  in 
these  mesosomatic  appendages  and  their  entire  subservience  to 
the  function  of  respiration.  Whether,  as  Dana  ^  urges,  cephalisa- 
tion  IB  a  consequence  of  loss  of  locomotion,  and  the  alteration  of 
the  functions  of  the  appendages  to  those  of  mastication  and 

.  .    ^  **0n  Oaphalisation,"  Mag.  of  Nai,  Hist,  1868,  p.  187. 
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respiration,  or  not,  the  fact  remaiiis  that  io  Limulna,  where  the 
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Fio,  1. — Compariaon  of  Invertebrate  bniin  from  Branchijiiu  to  Ammocoitas. 
proBomstio  appendages  are  arranged  round  the  mouth,  ao  that 
their  basal  parta  act  as  foot  jaws,  and  the  meBosomatic  append- 
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ages  form  a  series  of  free  appendages,  of  which  the  first  is  the 
operculum  and  carries  the  terminal  ducts  of  the  genital  oi^ns, 
and  the  remaining  five  are  mainly  respiratory,  though  free  to 
move,  the  ganglion  supplying  the  first  mesosomatic  appendage 
has,  as  is  seen  in  the  fig.,  fused  with  the  prosomatic  infra-oesopha- 
geal  mass.     In  the  next  stage,  that  of  the  scorpion,  in  which  the 
mesosomatic  appendages  have  lost  all  power  of  free  locomotion 
and  have  become  internal  branchiae,  yet  another  mesosomatic 
ganglion  has  fused  with  the  brain  metss,  while  in  Androctonus 
two  of  the  branchial  mesosomatic  ganglia  have  fused  ;^   and 
finally,  in  Thelyphonus  and  Phrynus  all  the  mesosomatic  ganglia 
have  coalesced  with  the  fused  prosomatic,  while  the  metasomatic 
ganglia  have  fused  themselves  in  the  caudal  regioa     The  brain 
in  these  animals  may  be  spoken  of  as  composed  of  three  parts — 
(1)  the  fused  supra-oesophageal  ganglia,  (2)  the  fused  prosomatic 
ganglia,  and  (3)  the  fused  mesosomatic  ganglia.     Such  a  brain  is 
strictly  homologous  with  the  vertebrate  brain,  which  also  is  built 
of  three  parts — the  prechordal  brain  or  the  cerebral  hemispheres 
together  with  the  basal  and  optic  ganglia ;  corresponding  to  the 
supra-oesophageal  mass,  with  its  olfactory  and  optic  divisions 
lying  in  front  of  the  infundibular  canal,  or  old  oesophagus ;  the 
epichordal  brain,  which  is  again  divisible  into  a  trigeminal  and  a 
vagus  division,  of  which  the  first  strictly  corresponds  to  the  fused 
prosomatic  group,  and   the  second  to  the  fused  mesosomatic 
group.    Further,  just  as  in  the  embryo  arthropod,  it  is  possible, 
with  more  or  less  accuracy,  to  see  the  number  of  neuromeres  or 
original  ganglia  which  have  fused  to  form  the  supra-  and  infra- 
oesophageal  portions  of  their  brain,  so  also  in  the  embryo  verte- 
brate we  are  able  (see  Locy^)  at  an  early  stage  to  gain  an 
indication,  more  or  less  accurate,  of  the  number  of  neuromeres 
which  have  built  up  the  vertebrate  brain.    The  further  con- 
sideration of  these  neuromeres,  and  the  evidence  they  afford  of 
the  number  of  the  prosomatic  and  mesosomatic  ganglia  which 
have  formed  the  epichordal  part  of  the  vertebrate  brain,  must  be 
left  to  the  chapter  on  the  segmentation  of  the  cranial  nervea 
This  same  process  of  cephalisation  does  not  cease  with  the 

^  lAnkester,  Trans,  of  Zooh  Soe,y  vol.  xi. 

■  Jour,  of  Morphology f  vol.  xi.,  1896,  '*  Contiibutions  to  the  Structure  and 
Development  of  thjB  Vertebrate  Head.*' 
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formation  of  the  medulla  oblongata  out  of  the  fused  mesosomatic 
ganglia,  but  still  continues  into  the  vertebrate  group  themselves 
with  the  same  steady  progress  as  in  the  Arachnida ;  and  we  see 
the  inclusion  into  the  brain  r^on  of  more  and  more  separate 
segments  in  the  formation  of  the  occipital  region  and  the  centres 
of  the  spino-occipital  nerves. 

2.  The  Antagonism  between  Cephalisation  and  Alimentaiwi. 

The  principle  of  cephalisation,  when  carried  to  its  extreme, 
must  produce  a  brain  like  that  of  Thelyphonus  and  the  spiders, 
as  shown  in  fig.  1.  If,  simultaneously  with  this  fusion  of  the 
separate  ganglia,  the  nervous  material  itself  has  increased  in 
extent,  as  appears  to  be  the  case  upon  comparison  of  the  scorpion 
brain  with  that  of  limulus,  then  so  large  a  mass  of  growing 
nervous  material  must  entirely  surround  the  oesophagus  as  to 
render  it  likely  that  the  size  of  its  calibre  should  be  seriously 
interfered  with,  just  as  the  growth  of  an  oesophageal  tumour 
causes  stricture  of  the  oesophagus.  Still  more  m  it  likely  that 
such  increase  of  brain  material  would  compress  the  oesophagus  if, 
as  is  the  case  in  Thelyphonus  and  the  scorpions,  the  head  region 
was  case^  in  with  an  unyielding  ehitinous  carapaca 

The  predominant  idea  in  the  evolution  of  the  invertebrate  has 
been  the  growth  of  a  nervous  system  composed  of  pre-oral  and 
post-oral  parts  joined  together,  so  as  to  form  a  ring  of  nervous 
material  around  the  oesophagus ;  if,  further,  as  I  believe  must  be 
the  case,  the  keynote  of  the  upward  progress  in  the  animal  king- 
dom is  the  increase  of  brain  power,  it  follows  of  necessity  that 
this  plan  of  piercing  the  anterior  end  of  the  central  nervous 
system  with  the  oesophagus  must  lead  ultimately  to  a  deadlock, 
owing  to  the  increasing  antagoniam  between  brain-growth  and 
alimentation.  That  such  a  limit  has  already  been  reached  in  the 
upward  progress  of  the  invertebrate  is  seen  in  the  formation  of 
the  spider  and  scorpion  group.  Here,  where  the  concentration 
and  growth  of  the  brain  mass  is  greater  than  in  any  other 
artliropod  group,  we  seQ  that  such  growth  and  concentration 
have  resulted  in,  or  at  all  events  been  accompanied  by,  such  a 
change  in  the  habits  of  the  animal,  that  no  longer,  owing  to  the 
minute  size  of  the  oesophagus,  is  it  possible  for  the  members  of 
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the  group  to  feed  on  solid  food,  but  by  ine*ii8  of  suctorial  appa- 
ratus they  are  obliged  to  keep  themselves  alive  by  suckii^  out 
the  juices  of  other  animals. 

The  diagrams  on  fig.  1  indicate  the  small  size  of  the  oesophagus 
in  the  most  concentrated  braine.  Truly  the  direction  and  pro- 
gress of  variation  in  the  Arthropoda  was  leading,  owing  to  the 
manner  in  which  the  brain  was  pierced  by  the  osophagua,  to  a 
terrible  dilemma, — either  capacity  for  taking  in  food  without 
sufficient  intelligence  to  capture  it,  or  intelligence  sufficient  to 
capture  and  no  power  to  consume.    Such  a  dilemma  led,  in  the 


most  natural  and  simple  way,  to  the  formation  of  the  vertebrate, 
in  which  intelligence  gained  the  day,  the  old  ossophagus  was 
closed,  its  vestiges  still  remaining  as  the  infundibular  canal,  and 
the  brain  could  increase  without  interfering  with  alimentation, 
for  a  new  method  of  obtainii^  and  assimilating  food  was  gradu- 
ally evolved,  as  wUl  be  more  fully  set  forth  in  this  and  subse- 
'  quent  papers. 

The  size  of  the  cesophagus  in  comparison  to  the  brain  mass  is 
seen  in  fig.  2,  which  represents  a  transvei'se  section  throt^ 
the  brain  of  a  young  Thelyphonua.  Tiiis  figure  shows  not 
only  how  this  part  of  the  alimentary  canal  has  become  a  mere 
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central  canal  in  the  midst  of  the  brain  mass,  but  also  how  it  is 
surrounded  so  closely  by  nervous  matter  that  ita  epithelium  may 
be  looked  upon  as  the  lining  epithelium  of  the  nervous  mass. 
Another  instance  in  the  same  group  of  the  Arthropoda  of  the 
close  connection  between  part  of  the  central  nervous  system  and 
the  gut  is  given  in  a  series  of  sections  which  Hardy  made  through 
the  brain  region  of  Branchipus,  in  the  course  of  the  investiga- 
tions which  he  pubhshed  in  the  PhU,  Trans}     His  sections, 
to  which  he  has  kindly  allowed  me  to  refer,  show  the  exceed- 
ingly close  connection  between   the  nerve  cells  of  the  optic 
ganglion  and  the  lining  epithelium  of  the  anterior  diverticulum 
of  the  gut  on  each  side.    The  cells  of  the  gut  wall  are  here  so 
closely  attached  to  the  cells  of  the  optic  ganglion  that  no  line 
of  demarcation  is  visible  between  the  two  structures.    The  wall 
of  the  narrow  gut  diverticulum  forms  here,  in  fact,  a  lining 
epithelium  to  a  part  of  the  optic  region  of  the  brain, — a  very 
significant  fact  in  connection  with  the  prevalence  of  two  long 
anterior  diverticula  in  the  early  arachnids,  and  the  formation  of 
the  optic  nerves  in  Vertebrata.     This  point  will,  however,  be 
dealt  with  when  I  come  to  deal  with  the  origin  of  the  visual 
apparatus  in  vertebrates :  it  is  sufficient  here  to  point  out  that 
the  amalgamation  of  brain  matter  and  gut  has  already  shown 
signs  of  commencement  among  the  group  of  Arthropoda. 

Principlb  2. — The  kind  of  variation  by  which  members  of  the 
higher  group  have  steadily  risen  from  the  lowest  to  the 
highest  forms  must  be  in  accordance  with  the  supposed 
variations  by  means  of  which  the  lower  group  has  approxi- 
mated to  the  higher. 

My  theory  is  in  complete  "harmony  with  this  principle,  and 
indeed  explains  the  variations  which  have  taken  place  as  we  pass 
upwards  from  the  brain  of  Ammocoetes  to  the  brain  of  man  in 
a  thorough  and  complete  manner,  such  as  is  not  even  imagined 
by  any  other  theory.  -Always  we  find  a  continuation  of  the  same 
process,  viz.,  a  growth  in  extent  and  complexity  of  nervous 
material  on  the  outside  of  the  epithelial  tube,  which  formed 

^  Hardy,  Vhil  Trans,,  1894,  B.  p  83,  '*  On  the  Histological  Features  and  Pliysio- 
logical  Properties  of  the  Post-oesophageal  Nerve  Cord  of  the  Crustacea." 
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(Epithelial  parts  reptesented  b;  dotted  lines). 
VOL.  XXSIL  (N.a  VOL.  XIL)  2  M 
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originally  the  cephalic  stomach.  The  sections  in  fig.  3,  taken 
mainly  from  ^dinger,  Ehow  du^rammatically  the  growth  of  the 
uervous  material  as  we  pass  from  AnimoccEtes  to  the  mammal 

The  first  stage  in  the  process  is  seen  when  the  Ammocceles 
is  tmusfonned  into  Petromyzon ;  for  if  we  compare  the  hrain  of 
Ammoccetes  (fig.  4),  the  whole  dorsal  roof  of  which,  in  the  epi- 
chordal  region,  consists  of  fold  upon  fold  of  simple  epithelial 

CER 


Fin.  i. — Donal  and  lBt«ral  viaw  of  the  bruin  of  Ammoctetee.  CER,  cerebnl 
henilBpherea ;  GHR,  right  sangliOD  liabenulee ;  FN,  right  pineal  ej«; 
CH,,  CH,,  choroid  plexuses ;  I-XII,  orauial  nervaa. 

membrane,  except  in  one  place  where  it  is  constricted  by  the 
passc^  of  the  fourth  nerve  and  commencing  cerebellvun,  with 
that  of  Petromyzon,  we  see  how,  by  the  growth  over  a  portion  of 
the  membranous  roof  of  nervous  material  from  the  ventral  to  the 
dorsal  side  of  the  anterior  part  of  the  epichordal  portion  of  the 
hrain,  the  posterior  corpora  quadrigemina  have  been  formed, 
and  thus  the  aqueduct  of  Sylvius  arises. 
Very  instructive  is  the  rise  and  growtii  of  the  cerebellum. 
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We  see  how,  from  the  prosomatic  r^on,  the  region  of  co-ordina- 
tion and  equilibration,  a  small  mass  of  nervous  material  creeps 
dorsalwards  over  the  membranous  roof  alongside  the  fourth  nerve, 
and  thus  in  Ammocoetes  forms  the  commencement  of  the  cere- 
bellum, and  possibly  also  of  the  posterior  corpora  quadrigemina. 
We  see  how  in  the  Amphibia  the  cerebellar  dorsal  strip  is  slightly 
larger,  but  here  the  main  development  has  taken  place  in  the 
corpora  quadrigemina  rather  than  in  the  cerebellum.  We  see, 
however,  in  the  fishes  that  the  dorsal  growth  of  the  cerebellum 
has  increased  considerably,  and  has  surrounded,  after  the  fashion 
of  a  hernia,  a  bag  of  the  membranous  roof,  and  so  formed  the 
worm  of  the  cerebellum ;  we  see  further  in  the  elasmobranchs  the 
commencement  of  the  cerebellar  hemiapheres,  for  on  each  side 
of  the  median  worm  a  bag  of  membrane  continuous  with  that  of 
the  roof  of  the  fourth  ventricle  is  formed,  and  already  we  see 
the  beginnings  of  the  cerebellar  hemispheres  in  the  presence  of 
two  lateral  outgrowths  of  nervous  material  known  as  the  fimbria, 
which  have  already  commenced  to  grow  over  and  enclose  these 
two  lateral  membranous  bags.^  By  further  growth  the  massive 
cerebellum  of  the  mammalia  is  easily  formed. 

Striking,  again,  is  it  to  see  how  the  cerebral  hemispheres  of 
man  have  arisen  from  the  simple  cerebral  lobes  of  Ammocoetes  by 
the  growth  of  nervous  material  over  the  original  membranous 
pallium.  In  the  accompanying  dic^rams  the  growth  of  this 
nerve  mass  is  clearly  seen,  and  also  of  the  other  dorsal  nerve 
masses,  until  at  last,  by  the  formation  of  the  human  cerebral 
hemispheres,  the  corpora  quadrigemina,  and  the  cerebellum,  all 
that  remains  of  the  original  epithelial  tube,  which  was  at  first 
the  most  important  part  of  the  roof  of  the  brain,  is  tucked  away 
to  form  the  choroid  plexuses,  the  roof  of  the  fourth  ventricle, 
and  the  lamina  terminalis.  In  every  respect  we  see  that  the 
formation  of  the  brain  of  man  from  that  of  a  brain  like  Amir.o- 
coetes  has  been  brought  about  by  the  steady  continuation  of  the 
same  process  by  which  the  brain  of  Ammocoetes  was,  on  my  theory, 
formed  from  the  brain  of  the  arthropod  ancestor. 

Principle  3. — Changes  of  function  can  arise  when  the  new 
function  coexists,  perhaps  subordinately,  with  the  primary 

^  Op.  eU.f  Jour,  of  Physiol.,  vol.  x.  p.  194,  fig.  8,  pi.  xiz. 
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function ;  or  coexists  in  another  member  of  tihe  same 
group,  or  in  one  of  its  larval  forma 

Clearly  my  hypothesis  is  in  aocordance  with  this  principle ;  for, 
as  far  as  the  nervous  matter  of  the  brain  goes,  not  only  is  there 
no  change  of  function,  but,  on  the  contrary,  a  steady  continua- 
tion of  the  same  process  has  taken  place  in  the  formation  of  the 
vertebrate  brain,  of  precisely  the  same  character  as  has  taken  place 
to  form  the  brain  of  the  highest  arthropods.  The  compari- 
son of  the  genesis  of  the  functions  of  the  different  parts  of  the 
brain  agrees  with  and  emphasises  the  conclusions  deduced  froni 
the  comparison  of  the  genesis  of  the  anatomical  aiTangement. 
The  functions  of  the  different  parts  of  the  central  nervous 
system  of  annelids  and  arthropods  have  been  studied  not  only 
by  the  older  anatomists,  who  were  all  desirous  of  comparing  the 
different  parts  of  the  brain  of  the  arthropod  and  the  vertebrate,  but 
also  by  a  number  of  physiologists  of  recent  yeara  In  my  paper 
in  Brain,  I  stated  how  this  evidence  was  in  agreement  with  my 
theory,  and  especially  relied  upon  the  observations  of  Ward  ^  on 
the  brain  region  of  Astacua  Quite  recently  three  papers  have 
appeared  on  the  subject : — (1)  "  On  the  physiology  of  the  brain 
of  Annelids,"  by  Maxwell ;  ^  (2)  "  Comparative  researches  on  the 
functions  of  the  central  nervous  system  of  Arthropods,"  by 
Bethe ;  ^  and  (3)  "  On  the  differentiation  of  the  inhibitory  pro- 
perties and  the  co-ordinating  functions  in  the  ganglionic  chain 
of  Decapod  Crustacea,"  by  Celesia.*  These  three  papers  contain 
a  good  representation  of  the  literature  of  the  subject,  and  lead,  in 
conjunction  with  the  previous  papers  of  Ward,  to  conclusions 
which  may  be  shortly  expressed  as  follows : — 

The  nerve  centres  of  Appendiculata  were  originally  formed  of 
paired  pre-oral  ganglion  (composed  of  probably  three  pairs  of 
fused  pre-oral  ganglia),  and  a  number  of  separate  paired  post- 
oral  ganglia,  each  pair  of  which  were  capable  of  acting  on  their 
own  account,  so  that  they  might  all  be  described  as  of  equal 
function, — the  only  pair  of  superior  function  which  possessed 
co-ordinating  and  regulating  power  over  the  others  being  the 

^  Joum.  of  Physiol,,  vol.  ii.  p.  214,  1880. 
»  PflUger'a  Archiv,  vol.  Ixvii.  p.  263,  1897. 
V     »  PfiUger'8  Archiv,  vol.  Ixviii.  p.  449,  1897. 

^  AUi  della  Soc,  Ligusiica  di  Sei  Nai,  e,  Geogr.fph,,  voL  viii.,  1897. 
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pre-oral  or  supra-CBSophageal.  With,  however,  the  concentration 
and  cephalisation  of  the  foremost  ganglia  of  the  post-oral  chain 
to  form  the  fused  infra-oesophageal  or  prosomatic  ganglion  mass, 
a  marked  co-ordinating  power  over  the  actions  of  the  lower 
ganglia  of  the  post-oral  chain  is  found  in  this  fused  mass,  and 
the  marked  regulating  action  of  the  pre-oral  ganglia  is  then 
found  to  be  the  regulation  by  their  inhibitory  power  of  this  co- 
ordinating machinery. 

Thus  Maxwell  found  in  the  earthworm,  where  the  cephalisation 
of  the  post-oral  ganglia  is  very  slight,  a  considerable  spontaneity 
in  the  walking  movements  after  removal  of  the  supra-cesophageal 
ganglia, — a  spontaneity  which  was  not  affected  by  removal  of  the 
first  post-oral  pair  of  ganglia.  On  the  other  hand,  in  Nereis, 
where  the  first  post-oral  ganglia  are  the  concentrated  prosomatic 
or  mouth  ganglia,  the  co-ordination  and  spontaneity  of  the 
walking  movements  visible  after  removal  of  the  supra-oesophageal 
ganglia  are  distinctly  due  to  the  presence  of  this  inf  ra-oesophageal 
mass;  and  now  the  supra-oesophageal  ganglia  display  marked 
inhibitory  power  over  these  infra-oesophageal  co-ordinating 
centres,  so  that  in  Nereis,  just  as  Ward  had  noticed  for  Astacus, 
incessant  restless  movements  are  seen  when  the  supra-cesophageal 
ganglia  alone  are  removed. 

So,  also,  the  experiments  of  Bethe  on  Astacus  and  other 
arthropods  all  confirm  the  previous  dictum  of  Ward,  that  these 
fused  prosomatic  infra-oesophageal  ganglia  which  supply  the  mouth 
parts  with  nerves  possess  a  marked  co-ordinating  power  over  the 
walking  movements,  t.«.,  over  the  nerve  centres  of  the  segments 
behind  them,  and  that  the  supra-cesophageal  ganglia  have  marked 
inhibitory  power  over  these  co-ordinating  centres, — a  power 
which  leads  to  their  regulation,  and  so  to  voluntary  spontaneity 
of  action* 

Celesia  has  shown  in  Astacus  that  whereas,  as  already  men- 
tioned,  the  sub-oesophageal  ganglia  are  the  centres  of  co-ordination 
for  the  locomotion  of  the  thoracic  appendages,  yet  this  method  of 
r^ulation  does  not  hold  good  for  the  swimming  function  of  the 
abdominal  appendages.  Here,  just  as  in  the  case  of  the  lower 
worms,  the  separate  abdominal  ganglia  possess  within  themselves 
their  own  centres  of  automatic  action  to  a  certain  extent,  and  the 
only  co-ordination  of  the  action  of  swimming  takes  place  from 
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the  supra-oesophageal  ganglia.  Celesia  conclud€8  from  his  experi- 
ments that— 

'  The  mprorOssophagecU  ganglia  is  tJie  organ  for  the  eo-ordina- 
'  tion  in  time,  as  Spencer  supposes  for  the  cerebral  Jiemispheres  of 

*  vertebraies,  thai  is,  "for  co-ordinaiion  of  the  impressions  of  the 

*  past  for  the  needs  of  the  fviurel'  hut  it  still  retains  in  a  high 

*  degree  in  the  case  of  Astacus  the  power  of  co-^yrdinaiion  in  tpace 

*  (function  of  swimming). 

*  As  there  is  in  evolution  a  tendency  to  constitute  a  single  organ 
'  {the  8ub-<3RSopha;geal  ganglia)  for  co-ordination  in  space,  and  to 

*  establish  a  differentiation  between  this  and  the  organ  for  co- 

*  ordination  in  time  {Spencer  supposes  the  firti  to  be  in  the 
'  cerebellum  of  vertebrates),  it  is  probaMe  that,  as  a  consequence  of 

*  further  differentiation,  the  centre  of  co-ordinaiion  for  swimming 
'  wUl  descend  into  the  sub-oRSophageal  ganglion,  the  cerebiXLtn 
'  remaining  purely  the  seat  of  sensory  and  psychioaX  phenomena* 

The  evidence  then  shows  that — 

1.  The  supra-oesophageal  or  pre-oral  ganglia  of  the  higher 
arthropods  are  strictly  comparable  to  the  pre*<2hordal  or  fore- 
bmin  region  of  the  Vertebrata,  not  only  in  their  connection  with 
special  olfactory  and  optic  sense  organs,  but  also  in  their  r6U  as 
leaders,  and  in  their  inhibitory  power  over  lower  ganglionic 
centres. 

2.  The  fused  prosomatic  or  inouth  ganglia,  which  are  con- 
nected with  the  supra-oesopliageal  by  the  oesophageal  commissures, 
are  strictly  comparable  with  the  trigeminal  or  pre-otic  part  of 
the  epichordal  brain  region  of  the  vertebrate,  connected^  as  it  is, 
with  the  prechordal  region  by  the  crura  cerebri,  not  only  in  their 
connection  with  the  nerves  of  the  prosomatic  appendages  and 
segments,  but  also  because  this  part  of  the  brain  mass  acts 
especially  as  a  great  co-ordinating  and  equilibrating  centre, — a 
oentre  which,  though  subordinate  to  the  supra-oesophageal  ganglia, 
enables  the  animal  to  perform  co-ordinated  gait  movements,  to 
recover  its  balance  when  upset,  etc.,  after  the  supra-oesophageal 
ganglia  have  been  removed.  Here,  then,  in  the  corresponding 
region  of  the  vertebrate  brain  We  find  io  Ammocoetes  that  the 
trigeminal  group  supplies  hot  only  the  remnants  of  the  pro- 
somatic appendages,  but  from  this  region  also  is  the  starting- 
point  of  the  cerebellum  and  the  posterior  corpora  quadrigemma. 
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We  see  indeed  how  steadily  the  gi'owth  of  a  marked  co-ordinat- 
ing and  equilibrating  mechanism  can  be  traced  without  a  break 
from  the  commencing  concentration  of  the  prosomatic  or  mouth 
ganglia  in  the  worms,  up  to  the  mighty  masses  of  the  cerebellum 
and  corpora  quadrigemina  in  man. 

Finally,  we  have  to  consider  the  function  of  the  fused  meso- 
somatic  ganglia.  These  ganglia,  which  are  often  called  thoracic, 
and  were  originally  separate,  supply,  in  a  large  number  of  the 
Arthropoda,  appendages  which  are  used  for  walking  or  swim- 
ming. In  many  cases  these  appendages  carry  the  respiratory 
branchial  apparatua  Thus  in  Limulus  the  mesosomatic  append- 
ages are  largely  branchial,  though  still  retaining  swimming 
functions;  while  in  the  scorpion  group  all  sign  of  locomotor 
function  has  gone,  and  the  respiratory  function  alone  remains. 

The  observations  of  MIbs  Hyde  ^  have  shown  that  each  separate 
pair  of  mesosomatic  ganglia  in  Limultis  can  act  as  an  independent 
respiratory  centre  for  its  own  pair  of  branchial  appendages,  and 
that  the  mesosomatic  ganglia  together  act  as  an  automatic  respira- 
tory centre,  independently  of  either  the  prosomatic  or  supra- 
oesophageal  ganglia.  As  already  mentioned,  by  the  concentration 
of  more  and  more  of  these  ganglia,  and  their  fusion  with  the 
prosomatic  ganglia,  the  medulla  oblongata  of  Thelyphonus  is 
formed ;  and  we  may  feel  certain,  judging  from  the  experiments 
on  Limulus,  that  an  automatic  respiratory  centre  is  situated 
within  it,  which  can  act  independently  of  either  the  prosomatic 
or  supra-oesophageal  ganglia. 

In  absolute  accordance  with  this,  we  see  that  in  Ammocoetes, 
and  indeed  in  all  vertebrates,  the  vagus  or  post-otic  part  of 
the  epicbordal  brain  region,  usually  called  the  medulla  oblongata, 
not  only  gives  rise  to  the  nerves  which  supply  the  branchial 
chamber,  but  contains  the  automatic  centre  of  respiration. 

Also,  from  the  very  fact  that  the  respiratory  act  was,  in 
the  first  instance,  brought  about  by  the  movement  of  limbs  which 
were  used  for  locomotion,  it  follows  that  such  movement  was 
under  the  control  of  the  supra-oesophageal  ganglia,  and  therefore 
that  respiration  is  not  only  automatic,  but  can  be  voluntary  as 
well 

* 

1  Jou/m,  of  Uorpholo^,  vol.  ix.  p.  431, 18(94,  '*  The  N'errouft  Mechanism  of  the 
Respiiialtory  Movements  in  LimuhM  Polyphemtu," 
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Further,  we  see  from  the  observations  of  Ward  and  Celesia 
that,  just  as  the  snpra-cesophageal  ganglia  or  cerebrum  possesses 
a  controlling  r^ulating  power  over  the  action  of  the  infra- 
oesophageal  ganglia  in  Astacus,  which  is  especially  manifested  as 
constant  inhibitory  action,  so  also  the  infra-oesophageal  ganglia 
possess  a  controlling  inhibitory  power  over  the  activities  of  the 
next  group  of  ganglia, — over,  therefore,  the  activities  of  the  meso- 
somatic  ganglia, — which,  as  we  have  seen  in  Limidusand  its  allies, 
include  the  action  of  the  respiratory  centres. 

It  is,  to  my  mind,  significant,  and  in  accordance  with  these 
observations,  to  find  that  in  the  higher  vertebrates,  according  to 
the  observations  of  Kronecker  and  Marckwald,  the  regulation  of 
the  respiratory  centre  is  effected,  not  only  by  means  of  inhibitory 
influences  passing  from  the  lungs  by  way  of  the  vagus  nerves 
(Hering — Breuer  automatic  regulation),  but  also,  when  the  vagi  are 
cut,  by  means  of  inhibitory  influences  passing  from  the  posterior 
corpora  quadrigemina  and  the  region  of  the  trigeminal  nucleus. 
In  other  words,  just  as  has  been  observed  in  the  arthropod,  the 
co-ordinating  centres  in  the  prosomatic  ganglia,  i.e,  the  posterior 
quadrigemina,  regulate  the  activities  of  the  mesosomatic  ganglia, 
i.e.  the  respiratory  centre,  in  the  medulla  oblongata  by  tlieir 
special  inhibitory  power.  Again,  the  well-known  fact  that  the 
reflex  excitability  of  the  cord  is  increased  after  isolation,  and 
that  such  reflex  activity  can  be  inhibited  from  the  corpora 
quadrigemina,  is,  in  all  probability,  another  sign  of  the 
inhibitory  power  of  the  prosomatic  ganglia  over  the  lower 
centres. 

The  functional  part,  then,  of  the  brain  region  of  vertebrates  is 
explainable  by  the  steady  growth  and  elaboration  of  the  corre- 
sponding nervous  parts  in  the  Appendiqilata ;  and  if  we  now 
consider  the  non-nervous  epithelial  tube,  we  see  here  also  that 
its  characters  are  compatible  with  the  hypothesis ;  for  the  ali- 
mentary canal  of  Limulus  and  the  scorpions  consists  of  a  simple 
tube  lined  with  epithelium,  in  which  no  special  digestive  organs 
are  to  be  found, — the  digestive  function  being  confined  to  the  so- 
called  liver,  which,  with  the  generative  glands,  surrounds  the 
central  nervous  mass  and  alimentary  tube.  These  digestive 
glands,  on  my  hypothesis,  still  remained  outside  the  central 
nervous    system,   and   did    not    therefore    take    part   in    the 
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formation  of  the  vertebrate  brain,  so  that  the  consideration  of 
th^ir  fate  does  not  come  into  the  present  argument,  which  is 
concerned  only  with  the  alteration  of  .function  of  that  part  of 
the  invertebrate  alimentary  canal  which  is  included  in  the  verte- 
brate brain.  Clearly  if,  as  I  suppose,  the  closure  of  the  old 
oesophagus  took  place  in  the  infundibular  region,  the  structure  of 
the  cephalic  stomach  and  intestine  would  be  exactly  that  repre- 
sented by  the  simple  epithelial  lining  of  the  central  canal  and 
the  free  epithelial  membrane  of  the  choroid  plexuses :  the  only 
difiference  between  the  two  structures  would  be  that  these  cells 
in  vertebrates  are  ciliated,  while  in  arthropods  they  are  lined  by 
chitin.  Such  a  difference  is  not  either  unlikely  or  unreasonable, 
seeing  that  cilia  are  found  instead  of  chitin  in  the  primitive 
arthropod  Peripatus ;  that  the  worm-like  ancestors  of  the  arthro- 
pods almost  certainly  possessed  a  ciliated  intestine ;  and  finally, 
tJiat  the  researches  of  Hardy  and  MacDougall  ^  on  the  intestine 
of  Daphnia  point  directly  to  the  presence  of  a  ciliated  rather 
than  a  chitinous  epithelial  lining  of  the  intestine  in  this  animal, 
— all  evidence  pointing  to  the  probability  that  in  the  ancient 
arthropod  forms,  derived  as  they  were  from  the  annelids,  the 
intestine  was  originally  ciliated,  and  not  chitinoua  It  is  from 
such  forms  that  I  suppose  vertebrates  to  have  sprung,  and  not 
from  forms  like  the  living  king  crabs,  scorpions,  Apus,  Branchi- 
pus,  etc.  I  only  use  them  as  illustrations,  because  they  are  the 
only  living  representatives  of  the  great  Archaic  group  from 
which  the  Crustacea,  Arachnida,  and  Vertebrata  all  took  origin. 

Principle  4. — Organs  that  are  clearly  rudimentary  in  the 
higher  group  must  be  derived  from  corresponding  organs 
which  are  functional  in  the  lower. 

See,  ^in,  how  perfectly  Principle  4  holds  good  on  my  hypo- 
thesis ;  for  we  see  how,  in  the  whole  group  of  arachnids  and  in 
Limuius,  the  old  extinct  sea-scorpions,  Eurjrpterus,  Pterygotus, 
etc.,  two  or  more  median  eyes  exited,  innervated  from  well- 
defined  optic  ganglia,  and  that  in  Limuius,  according  to  Lan- 
kester,  these  eyes  had  already  begim  to  lose  their  function.  In 
precisely  the  same  situation,  as  the  very  keystone  -of  the  edifice 

^  Five.  Ckimh  Phil.  See,,  vd.  viii.,  1893. 
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I  am  building,  we  find  in  Ammocoetes  a  pair  of  median  eyes,  one 
of  which  is  conspicuous  and  well  built,  with  an  optic  nerve 
arising  from  a  most  conspicuous  part  of  the  brai^  in  this  animal, 
called  the  ganglion  habenulse, — an  eye  which  I  have  shown  ^ — and, 
later,  Leydig'  has  come  to  the  same  condusion — to  be  an  eye  of 
an  arthropod  type,-— an  eye  which  is,  to  all  appearance,  nearly  as 
capable  of  function  as  that  of  Linmlus  itself.  Passing  upwards, 
we  find  this  pineal  eye  more  and  more  losing  the  eYid]ence  of  ita 

« 

origin,  its  large  conspicuous  optic  ganglion — the  ganglion 
habenula — ^falling  more  and  more  into  the  background,  until  at 
last  th^  ganglion  habenula  is  perhaps  recognisable  as  a  few  cells 
in  the  optic  thalamus,  and  the  median  eyes  have  become  the 
pinelEil  gland,  with  its  pigment  still  left  as  brain  sand,  and  its 
supposed  function  in  old  days  as  the  seat  of  the  soul,  and  in  more 
modem  times  as  a  part  of  the  original  oesophagus.  The  great 
and  striking  rudimentary  organ  of  the  brain,  the  pineal  eye, 
harmonises  in  its  history,  its  structure,  and  its  position  most 
perfectly  with  my  theoty ;  but  is  an  absolutely  fatal  stimibling- 
blo<^k  to  any  view,  such  as  that  d  Dohrn,  Patten,  etc.,  which  shifts 
ventral  and  dorsal  surfaces,  and  is  put  on  one  side,  and  not  ex- 
plained by  any  other  theory.  Of  all  the  numerous  signposts 
which  nature  has  left  in  the  vertebrate  to  point  out  the  path  of 
evolution,  the  pineal  eye  ia  the  mo^t  conspicuous  and  the  most 
indubitable,  and  cannot,  therefore,  be  put  on  one  side,  but  must 
be  considered. 

As  to  the  pituitary  body,  that  also  is  explained .  in  a  simple 
manner ;  but  as  it  does  not  belong  to  the  brain,  I  will  not  deal 
with  it  here. 

Principle  5. — In  phylogeny,  we  niust  look  at  the  most  ele- 
.    mentary  of  the  animals  whose  ancestors  we  seek. 

,  Principle  &  asserts  that  in  phylogeny  we  must  look  at  the 
most  elexnentary  of  the  animals  whose  ancestor  we  seek;  and 
Shipley  argued  against  me  that,  firstly,  I  arbitrarily  chose  as  my 
startii^-poiht  a  vertebrate^  vii,  Ammocoetes,  which,  was  already 
some  distance' up  in  the!  acitlfi,  and  that  I  ought  to  have  taken 

*  Op.  cU.,  Brain,  1889,  and  Qudft,  Jour,  Mi&r,  ScL,  1890. 

'  Das  Parietal  Organ  der  Amptdhim  und  Re^ilicn,  Frankfurt  a.  M.,  1890. 
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Amphioxus  and  the  larval  tunicateB;  secondly,  that  if  I  replied 
to  tliis  point  that  AmphioxuB  and  the  tunicates  were  degenerate 
forms  of  an  Ammocoetes-like  vertebrate^  then  he  would  remind 
me  that  Ammocoetes  itself  was  degenerate  on  the  sanle  grounds 
as  Amphioxus  and  the  tunicates. 

This  latter  statement  I  am  totally  unable  to  accept,  and  fail  to 
see  any  cogency  in  the  arguments  used.  I  have  read  through 
Dohrn's  paper  on  the  subject ;  and  as  far  as  I  can  se^,  the  evidence 
of  degeneration  in  the  lamprey  is  based  on  One  doubtful  fact,  and 
an  unproved  and  most  improbable  hypothesis.  The  doubtful  fact 
is  that  the  lamprey  is  a  parasite ;  the  hypothesis  iA  that  it  was 
descended  from  gnathostomatous  fishes. 

The  charge  of  parasitism  is  brought  against  the  lamprey  be- 
cause it  is  said  to  suck  on  to  fishes  and  so  obtain  nutriment :  it 
is,  however,  undoubtedly  a  free  swimming  fish ;  and  when  we  see 
it  coming  up  the  rivers  in  thousands  to  reach  the  spawning-beds, 
and  sucking  on  to  stones  on  the  way  in  order  to  anchor  itself 
against  the  current,  or  holding  on  tightly  during  the  actual  pro- 
cess of  spawning,  it  does  not  seem  justifiable  to  base  a  charge  of 
degeneration  upon  a  parasitic  habit,  when  such  so-called  habit 
simply  consists  in  holding  on  to  its  prey  until  its  desires  are 
satisfied.  If,  of  course,  its  suctorial  mouth  had  arisen  from  an 
ancestral  gnathostomatous  mouth,  then  the  argument  would  have 
more  force. 

Dohrn,  however,  gives  absolutely  no  evidence  of  a  former 
gnathostomatous  condition  either  in  PetrOmyzon  or,  in  its  larval 
state,  Ammocoete&  He  simply  assumes  that  the  Cyclostomata 
are  degenerated  fishes ;  and  then  proceeds  to  point  out  .the  rudi- 
ments of  skeleton,  etc.,  which  they  still  possess.  Every  point 
that  Dohrn  makes  can  be  turned  round ;  and,  with  morei  prob- 
ability, it  can  be  argued  that  the  various  structures  ar6  the 
commencement  of  the  skeletal  and  other  structures  in  the  higher 
fishes;  and  not  their  degenerated  remnants.  Just  compare  the 
life-history  of  the  lamprey  and  of  the  tunicate.  In  the  latter 
case  we  look  upon  the  animal  as  a  degenerate  VefTtebrate,  because 
the  larval  stage  alone  shows  vertebrate  characteristics;  and  wh^n 
transformatioiLJtias  taken  place,  and  the  adult  form  reached,  the 
vertebrate  characteristics  have  vanished,  and  the  animal,  instead 
of  readiing  a  higher  grade,  has  sunk  low  in.thejcale,  the  central 
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nervous  system  especially  ha\dng  lost  all  semblance  to  that  of  the- 
vertebrates.  In  the  former  case  we  see  also  that  a  transformation 
takes  place,  a  marvellous  transformation,  characterised  by  two 
most  striking  facts:  on  the  one  hand,  the  resulting  animal  is 
more  like  a  higher  vertebrate,  for,  by  the  formation  of  new 
cartilages,  its  cranial  skeleton  can  be  compared  with  that  of  the 
higher  forms,  and  the  beginnings  of  the  spinal  vertebrae  appear ; 
by  the  formation  of  new  nervous  material,  and  by  the  formation 
of  new  nerves,  its  brain  increases  in  size  and  complexity,  so  as  to 
compare  more  closely  with  higher  vertebrate  brains;  its  eyes 
become  functional,  and  its  branchiae  are  so  modified  simultaneously 
with  the  formation  of  the  new  alimentary  canal  in  the  cranial 
region  that  they  now  surround  branchial  pouches  which  are 
directly  comparable  to  those  of  higher  vertebrates.  On  the  other 
hand,  the  transformation  process  is  equally  characterised  by  the 
throwing  oft*  of  tissues  and  organs,  one  and  all  of  which  are  com- 
parable in  structure  and  function  with  corresponding  structures 
in  the  Arthropoda, — the  thyroid  of  the  Ammocoetes,  the  velum, 
the  tentacles,  the  muco-cartilage,  the  tubular  muscles,  all  these 
structures,  so  striking  in  the  Ammocoetes  stage,  are  got  rid  of  at 
transformation.  Here  is  the  true  clue.  Here,  in  the  throwing  off 
of  invertebrate  characters,  and  the  taking  on  of  a  higher  vertebrate 
form,  especially  a  higher  brain,  not  a  lower  one,  Petromyzon 
proclaims  as  clearly  as  is  possible  that  it  is  not  a  degenerate 
elasmobranch,  but  that  it  has  arisen  from  Ammocoetes-like  ances- 
tors, even  though  Myxine,  Amphioxus,  and  the  tunicates  be  all 
stages  on  the  downward  grade  from  those  same  Ammocoetes-like 
ancestors. 

For  these  reasons  it  seems  to  me  that  Shipley's  criticism  does 
not  hold  good,  and  that  it  is  perfe<;tly  legitimate  to  look  upon 
the  Ammocoetes  form  of  Petromyzon  as  the  most  elementary 
vertebrate,  from  which,  on  the  one  hand,  the  higher  vertebrates 
ascended,  and,  on  the  other  hand,  Amphioxus  and  the  tunicates 
descended.  And  I  am  the  more  emboldened  to  take  this  view 
when  I  recall  Eabl's  remark  at  the  close  of  his  address  on  the 
"  Metamerie  des  Wirbelthierkopfes,"  at  the  meeting  of  the 
German  Anatomical  Society  at  Vienna  in  1892  : — "  Die  Unter- 
suchungen  liber  die  Entwickelung  des  Selachierkopfes  haben  die 
Hoffhungen,.  die  man  auf  sie  setzte,  nicht  erfullt.    Vielleicht  wird 
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nian  mit  der  Untersuchung  der  Ganoiden  und  Petromyzonteh 
mehr  Gliick  haben."  ^ 


Principle  6. — Any  explanation  of  the  origin  of  a  higher  group 
from  a  lower  group  must  be  confirmed  by  the  study  of 
the  development  in  the  higher  group. 

We  come  now  to  Principle  6,  and  it  is  on  this  principle  that 
my  opponents  are  inclined  to  take  theii*  final  stand.  My  theory 
of  the  origin  of  the  vertebrate  brain,  say  they,  is  against  the 
embryological  unities,  therefore  it  is  not  worth  consideration. 
The  central  canal  of  the  vertebrate  nervous  system  cannot  be  the 
remains  of  an  invertebrate  alimentary  canal,  because  it  is  formed 
from  the  epiblast,  not  from  hypoblast;  and  the  theory  of  the 
germinal  layers  is  so  well  established  and  so  fundamental  that  no 
amount  of  anatomical  and  physiological  coincidences  are  worth 
consideration  if  they  involve  statements  which  are  contrary  to 
the  germ  layer  theory.  When  I  read  Wilson's  paper  on  the 
"  Embryological  Criterion  of  Homology,"  *  and  see  in  the  "  Zoolog. 
Centralhlatt,  1897,  No.  22,  that  Heider  contributes  a  paper 
entitled  "  1st  die  Keimblatter-lehre  erschuttert " ;  when  I  find 
not  only  in  Sedgwick's  paper  on  Peripatus,  but  in  Whitman's 
works  and  elsewhere  that  the  idea  is  gaining  ground  that  the 
embryo  starts  as  a  syncytium,  I  wonder  to  myself  how  long  will 
it  be  before  the  germ  layer  theory  becomes  only  of  historical 
importance,  and  can  in  no  way  be  regarded  as  a  more  important 
factor  than  anatomical  and  physiological  coincidences  ?  Wilson 
says,  p.  122,  "  It  is  clear  that  we  cannot  successfully  analyse  the 
morphological  aspect  of  development  without  further  knowledge 
of  its  physiological  aspect.  I  beUeve  that  until  this  knowledge 
is  forthcoming  the  embryological  criterion  of  homology  must 
remain  of  relatively  small  value,  and  be  held  in  subordination  to 
the  anatomical." 

Heider,  in  the  paper  referred  to,  criticises  the  large  number  of 
recent  papers  which  bring  forward  evidence  more  or  less  an- 
tagonistic to  the  germ  layer  theory,  and  comes  to  the  conclusion 
that  the  strongest  evidence  against  its  universal  acceptance  is  to 

^  Anatom.  Anzeiger,  1802. 

^  Biological  Lectures  at  Marine  Biol.  Lab.  of  Wood's  HoU,  1894  j  Boston,  1895. 
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be  found  in  the  phenomena  of  budding,  as  especially  seen  in  the 
Tunicata.  Here  the  evidence  is  so  concordant  that  the  gut  of  the 
animal  formed  from  the  bud  may  arise  from  either  ectoderm  or 
endoderm,  that  it  seems  impossible  that  a  mistake  of  observation 
can  have  occurred.  In  Wilson's  paper  the  way  in  which  the 
endoderm  of  the  new  bud  is  formed  from  ectoderm  is  well  illus- 
trated. So  strong  is  this  evidence,  so  difScult  is  it  to  bring  the 
formation  of  the  new  gut  in  the  phenomenon  of  budding  into 
line  with  the  germ  layer  theory,  that  Heider,  who  strongly  advo- 
cates the  retention  of  this  theory  for  all  direct  embryological 
development,  and  thinks  that  the  difSculties  in  connection  with 
regeneration  of  lost  parts  will  ultimately  be  explained  in  accord- 
ance with  the  germ  layer  theory,  is  obliged  to  confess,  in  respect 
to  the  phenomenon  of  budding,  that,  as  far  as  we  can  see  at 
present,  the  expectation  that  in  this  case  also  everything  will 
finally  be  explained  in  favour  of  the  germ  layer  theory  must  be 
looked  upon  as  exceedingly  smalL^ 

It  is  somewhat  interesting,  from  my  point  of  view,  that  the 
confusion  between  ectoderm  and  endoderm  should  have  recu^hed 
its  maximum  in  the  tunicate  group,  for  upon  my  theory  it  is  just 
in  such  a  degenerate  vertebrate  group  that  one  would  expect  to 
find  such  a  confusion. 

I  myself  stated,  in  my  first  paper  in  the  Journal  of  Physiology? 
that  I  intended  to  trace  out  all  the  coincidences  possible, 
anatomically  and  physiologically,  before  discussing  the  embryo- 
logical  diflSculties,  feeling  sure  that  the  standpoint  of  embryologi- 
cal teaching  would  by  that  time  have  altered  so  much  that  many  if 
not  all  of  the  difficulties  would  be  foimd  to  have  vanished.  That 
was  written  ten  years  ago,  and  already  my  words  are  being  verified. 

Apart,  however,  from  the  question  of  the  germinal  layers,  as 
Heymons  '  has  pointed  out,  ontogeny  gives  great  value  to  phylo- 
genetic  speculations  by  the  consideration  of  the  manner  in  which 
the  adult  organ  is  gradually  formed,  and  especially  the  time 
relations  of  the  several  stages  of  such  formation.  In  other 
words,  the  further  development  of  every  organ  in  the  vertebrate, 
after  that  organ  has  become  differentiated,  ought  to  be  in  harmony 
with  the  assumed  line  of  ascent.    Considered  from  this  point  of 

»  Op,  cU.,  p.  736.  2  Op.  ea.,  p.  205. 

'  Die  Efnbryonjientvfick  v.  Dcrmapteren  u,  OHhopt-reHf  Jena,  18S^. 
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view,  and  leaving  for  the  present  the  consideration  of  the  valency 
of  the  germinal  layer  theory,  my  theory  of  the  origin  of  the 
vertebrate  central  nervous  system  is  not  only  in  harmony  with 
the  embryological  developmental  history  of  that  system,  but  im- 
mediately explains  in  a  simple  and  natural  manner  a  number 
of  embryological  peculiarities  of  the  central  nervous  system 
which  have  been  hitherto  absolutely  unexplained. 

On  my  theory,  the  central  nervous  system  originated  as  a 
series  of  ganglia,  connected  by  transverse  commissures  lying 
ventrally  and  laterally  to  the  alimentary  tube,  which  was  free 
from  nervous  matter  on  its  dorsal  side,  except  in  the  region  of 
the  Bupra-oesophageal  ganglia.  This  tube  possessed  a  dilated 
anterior  extremity — the  cephalic  stomach — which  terminated  in 
the  cesophagua;  and  a  straight  part — the  intestine — which  ter- 
minated in  the  anua  By  the  subsequent  growth  of  the  nervous 
matter  dorsally  over  this  tube,  the  adult  brain  and  spinal  cord, 
with  its  central  canal,  were  formed,  and  the  free  part  of  the 
tube  which  terminated  in  the  anus  was  obliterated. 

Is  it  possible  for  embryology  to  give  a  clearer  indication  of 
the  phylogenetic  steps  which  my  theory  necessitates  than  it  does  ? 

In  my  paper  in  the  Journal  of  Physiology,  1889, 1  have  pointed 
out  how  fully  the  study  of  the  formation  of  the  vertebrate 
nervous  system  in  the  embryo  bears  out  the  phylogenetic  history 
according  to  my  interpretation.  I  will  refer  my  readers  to  that 
paper  and  to  the  paper  in  the  Qtoarterly  Journal  for  the  full 
.discussion,  and  will  here  simply  sketch  out  the  embryonic  history. 

When  the  tube  of  the  central  nervous  system  in  the 
r^on  of  the  spinal  cord  is  first  formed  it  is  large,  and  the  dis- 
tinctly nervous  tissue  is  seen  at  first  forming  two  large  lateral 
bulgings,  the  main  part  of  which  is  situated  on  the  ventral 
lateral  half  of  this  tube;  very  early,  the  anterior  white 
commissures  are  formed,  connecting  these  ventral  lateral  ganglion 
masses  with  each  other,  so  that  this  stage  represents  the  fused 
bilateral  ventral  chain  of  ganglia,  together  with  their  transverse 
commissures  closely  pressed  against  the  alimentary  tube  on  its 
lateral  and  ventral  aspects.  Next  comes  the  dorsal  spreading 
and  growth  .of  these  nerve. masses,  by  which  the  dorsal  portion  of 
the  tube  is  compressed  and  obliterated  to  form  the  postericH: 
fissure,  and  at  the  same  time  the  same  process  of  compression 
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obliterates  the  middle  portion  of  the  tube,  aud  so,  forms  the 
posterior  grey  commissure  and  the  substantia  Bolandi  By  this 
growth  and  compression  the  original  large  tube  is  converted  into 
the  small  central  canal  of  the  adult  in  the  spinal  r^on.  In  the 
cranial  epichordal  region  the  same  process  takes  place,  with  the 
difference  that  the  original  tube  formed  is  here  dilated,  and  so 
large  that  the  ventral  lateral  ganglionic  masses  which  represent 
the  fused  prdsomatic  and  mesosomatic  ganglia  are  able  only  to 
compress  and  grow  over  the  ventral  portion  of  this  dilated  tube, 
and  by  this  compression  form  the  raph^  so  characteristic  of  this 
r^on.  Again  we  see  how  the  dilated  anterior  extremity  of  the 
tube — i.e,,  the  old  cephalic  stomach — is  divided  into  three  and  then 
into  five  cerebral  vesicles  by  the  formation  of  a  series  of  con- 
strictions, each  one  of  which  indicates  the  growth  of  nervous 
bands,  and  is  the  embryological  expression  of  the  commisBural 
constrictions  on  the  cephalic  stomach  caused  by  the  connection 
between  the  supra-oesophageal  ganglia,  the  optic  ganglia,  and  the 
infra-oesophageal  ganglia,  by  the  crossing  over  of  the  fourth 
nerve,  and  the  growth  of  the  cerebellum.  Thus  the  first  three 
cerebral  vesicles  are  formed  by  the  growth  of  the  cerebral  hemi- 
spheres and  the  anterior  commissure  between  the  two  hemispheres, 
by  the  posterior  commiBsure  between  the  optic  parts  and  the 
epichordal  brain,  by  the  fourth  nerve  and  the  commencing  cere- 
bellum. Then  come  further  constrictions,  owing  to  the  growth 
of  the  cerebrum  and  cerebellum,  with  the  ultimate  formation  of 
the  five  cerebral  vesicles,  as  pointed  out  in  my  paper  in  Brain. 
Not  only  does  embryology  show  us  step  by  step  how  the 
vertebrate  nervous  system  has  been  formed  by  the  steady  growth 
of  the  arthropod  nervous  masses  aroimd  the  straight  intestine  and 
cephalic  stomach,  but  it  completes  the  evidence  by  showing  that 
at  one  time  of  embryonic  life,  after  that  tube  was  formed,  it 
passed  free  of  the  nervous  material,  to  terminate  as  the  neuren- 
teric  canal  in  the  anus ;  while  at  the  anterior  end  its  ternunatiou 
is  shown  by  the  formation  and  presence  of  the  infundibular 
canal  coming  to  the  surface,  of  the  brain  between  the  two  great 
oesophageal  commissures,  the  crura  cerebri^     Further,  also,  the 

^  It  is  worth  noticing  in  this  place  that  in  the  regenerated  tail  .of  the  lizanf, 
the  central  canal  alone  continues  into  the  new  formed  tail,  hut  there  is  no  new 
formation  of  the  spinal  cord. 
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fusion  of  the  separate  ganglia  to  form  the  epichordal  portion  of 
the  brain  is  phown  embryologically,  not  only  by  the  presence  of 
the  neuromeres,  but  also  by  the  more  evident  manner  in  which 
the  ganglion  cells  are  grouped  in  separate  masses  in  the  embryo 
than  in  the  adult. 

I  cannot  see  how  it  is  possible  to  expect  that  ontogeny  should 
recapitulate  the  phylogenetic  history  more  perfectly  than  it  does 
on  my  theory  of  the  meaning  of  the  tubular  nature  of  the  central 
nervous  system:  step  by  step  it  shows  us  how  that  nervous 
system  was  formed ;  and  every  part,  both  in  time  and  nature,  is 
in  exact  accordance  with  the  requirements  of  my  theory. 

On  the  other  hand,  what  aid, does  this  embryonic  history  give 
to  the  phylogenetic  speculations  of  others  ?  On  any  of  the  other 
theories,  why  is  there  a  nerve  tube  found  with  a  dilated  anterior 
extremity  ?  why  are  the  cerebral  vesicles  formed  ?  why  the  choroid 
plexuses  ?  why  does  that  tube  terminate  in  the  anus  ?  why  is  there 
an  infundibular  prolongation  ?  What  answer  is  given  to  these 
questions  ? 

As  we  have  reen,  the  opponents  of  the  origin  of  vertebrates 
from  the  Appendiculata  are  forced  to  rely  on  the  teachings  of 
vertebrate  embryology  as  their  main  guide  to  their  phylogenetic 
speculations.  From  them  surely  we  ought  to  expect  an  answer  to 
these  questions,  and  yet  what  do  we  find  ?  On  the  one  hand, 
speculations  as  to  the  manner  in  wliich  a  simple  tubular  nervous 
system  may  have  been  formed,  without  the  slightest  suggestion  of 
how  the  complicated  vertebrate  tube,  with  all  its  peculiarities, 
has  arisen.  On  the  other  hand,  a  simple  begging  of  the  question 
by  that  most  convenient  modern  method  of  asserting  that  what 
cannot  be  explained  is  ca?nogenetic,  and  has  no  phylogenetic 
importance.  Thus  Eay  Lankester,  in  his  article  on  the  "  Verte- 
brata"  in  the  Uiicyclopccdia  Bntannica,  p.  179,  says:  "The 
tubular  condition  of  the  cerebro-spinal  nerve-cord  of  Vertebratti 
is  now  very  generally  regarded  as  being  in  its  origin  a  purely 
developmental  feature. ' 

I  have  now  shown  how  completely  my  theory  of  the  origin  of 
the  brain  of  the  vertebrate  is  in  harmony  with  the  six  principles 
laid  down,  and  in  consequence  it  must  at  least  be  looked  upon  as 
a  working  hypothesis  from  which  the  origin  of  the  rest  of  the 
vertebrate  organs  may  be  considered.    Before,  however,  leaving 
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the  consideration  of  the  central  nervous  system  and  passing  on  to 
other  organs,  it  is  advisable  to  notice  shortly  the  conclusions  of 
those  with  regard  to  the  central  nervous  system  who  do  not 
recognise  any  near  relationship  between  the  Vertebrata  and  the 
Appendiculata.  For  this  purpose  I  will  take  the  latest  paper  on 
the  subject,  viz.,  that  of  Fiirbringer,^  and  state  the  conclusions 
he  has  arrived  at  from  his  investigations  into  the  nervous  systems 
of  the  lower  vertebrates ;  conclusions  based  especially  upon  the 
view  that  the  nervous  system  of  Amphioxus  represents  a  primitive 
vertebrate  type. 

Fiirbringer,  at  the  end  of  his  long  paper  on  the  "  Spino-Occipital 
Nerves,"  in  which  ho  compares  the  cranial  nerves  of  the  various  verte- 
brate groups  with  the  nerves  of  Amphioxus,  comes  to  the  conclusion 
that  the  primitive  chordate  possessed — 

1.  A  central  nervous  system,  built  up  regularly  in  the  same  manner 
along  the  whole  length  of  the  body,  formed  as  a  dorsal  median  plate 
out  of  the  ectoderm,  and  continuous  laterally  with  the  rest  of  the 
less  highly  diiFerentiated  ectoderm. 

2.  An  unpaired  chorda,  lying  under  this  in  the  middle  line,  and 
two  paired  mesodermal  plates  on  both  sides,  which  gave  origin  to 
the  supporting,  muscular,  urogenital  and  vascular  systems,  and  were 
connected  with  the  central  nervous  system. 

3.  An  alimentary  canal  lying  under  the  chorda,  also  connected  with 
the  central  nervous  s^^stem. 

The  central  nervous  system  became  grooved,  then  by  closure  formed 
a  canal,  dividing  at  the  same  time  into  median  motor  and  lateral  sen- 
sory parts,  which  then  became  ventral  and  dorsal. 

In  the  neighbourhood  of  the  chorda  the  mesoderm  plate  (the  Wirbel- 
zone,  epimere  zone)  differentiated  into  median  longitudinal  muscle 
bands,  while  the  lateral  mesoblast  (Sei  ten-plat  ten  zone,  hypomere 
zone)  formed  muscle  fibres  more  in  the  transverse  direction. 

Then  came  metamerism  by  division  of  somatic  muscles  into  somites, 
and  to  a  less  ^xtent  of  visceral  muscles  into  visceral  myomeres;  with 
this  came  metameric  arrangement  of  the  motor  nerves,  which  hitherto 
had  been  indifferent  in  position. 

Simultaneously  with  this  evolution,  a  differentiation  into  head  and 
body  took  place  in  the  original  elongated  organism,  which  was  up  to 
that  time  exactly  the  same  in  all  its  parts,  and  then  began  the  forma- 
tion of  specific  sense  organs,  first  for  equilibration,  smell  and  taste,  and 
afterwards  for  sight  and  hearing.  Also  the  anterior  intestinal  tube 
folded  itself,  with  formation  of  successive  openings,  and  became  respir- 
atory, and  finally  special  armature  for  the  mouth  was  formed. 

^  **  Ueber  die  Spino-occipitalen  Nervcn  der  Selachier  ii.  Holocepbalen  u.  ihre 
Tcrgleichende  Morphologie,"  Festschrift  f,  Carl  Gegenbaur,  Leipzig,  1897. 


ox  THE  ORIGIN  OF   VERTEBRATES.  547 

We  may  sum  up  the  differences  between  Furbringer's  view  and 
myself  in  three  propositions : — 

1.  I  look  upon  the  cranial  region  as  the  most  primitive,  and 
the  spinal  region  as  an  after-thought. 

He  looks  upon  the  cranial  region  as  the  outcome  of  the  spinal. 

2.  I  look  upon  the  vertebrate  as  the  direct  descendant  of  the 
most  markedly  segmented  of  the  invertebrate  group. 

He  looks  upon  the  chordate  ancestor  as  being  unsegmented. 

3.  The  foundation  upon  which  I  build  my  ancestor  is  a  central 
nervous  system  of  the  highest  invertebrate  type,  even  though  the 
alimentary  canal  has  to  be  formed  anew  in  consequence. 

His  ancestor  possessed  a  vertebrate  notochord  and  alimentary 
canal  when  the  nervous  system  was  hardly  differentiated. 

We  have  therefore  the  three  following  criteria  upon  which  to 
decide  between  these  two  opposing  views  :— 

1.  Is  the  cranial  region  older  than  the  spinal,  or  vice  vei^sa  ? 

2.  Was  the  near  ancestor  of  the  vertebrate  segmented  or 
unsegmented  ? 

3.  Which  is  the  most  important  factor  in  evolution — the  central 
nervous  system,  or  the  alimentary  canal  ? 

The  firdt  of  these  three  questions  must  be  answered  in  favour 
of  the  origin  from  forms  such  as  exist  in  the  Appendiculata, 
rather  than  from  an  Amphioxus-like  animal,  for  the  follow- 
ing reasons : — 

The  evidence  of  embryology  points  directly  to  the  greater  phylogenetic 
antiquity  of  the  cranial  region ;  for  we  see  how  early  in  the  history  the 
head  is  folded  off,  and  thereby  the  organs  in  that  region  are  completed 
at  a  time  when  the  spinal  region  is  only  at  an  early  stage  of  develop- 
ment ;  we  see  how  the  first  of  the  trunk  somites  is  formed  just  posterior 
to  the  head  region,  and  then  more  and  more  somites  are  formed  by  the 
addition  of  fresh  segments  posteriorly  to  the  first  formed  one  ;  we  sec 
howin  AmmocoBtesthe  first  formed  parts  of  the  skeleton  are  the  branchial 
bars  and  the  basi-cranial  system,  while  the  rudiments  of  the  vertebrae 
do  not  appear  until  the  Petromyzon  stage ;  we  see  how,  with  the 
elongation  of  the  animal  by  the  later  addition  of  more  and  more  spinal 
segments,  organs  such  as  the  heart,  which  were  originally  in  the  head, 
travel  down,  and  the  vagus  and  lateral  line  nerves  reach  their  ultimate 
destination. 

Again,  we  see  that,  whereas  the  anterior  cranial  nerves,  the  eye 
nerves,  the  trigeminal,  facial,  auditory,  glosso-pharyngeal  and  vagus  are 
wonderfully  fixed  and  constant  in  all  vertebrates,  the  only  shifting 
being  in  the  spinooccipital   region,  in  fact  at   the  junction  of  the 
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cranial  and  spinal  rcp;ion,  the  spinal  nerves,  on  the  other  hand,  are 
not  only  remarkably  variable  in  number  in  different  groups  of  animals, 
but  even  in  the  same  animal  great  variations,  especially  in  the  manner 
of  formation  of  the  limb  plexuses,  are  found.  Such  marked  meristic 
variation  in  the  spinal  nerve?,  in  contrast  to  the  fixed  character  of  thi* 
cranial  nerves,  certainly  points  to  a  more  recent  formation  of  the 
former  nerves. 

Again,  the  observations  of  Asslicton  ^  on  the  primitive  streak  of  the 
rabbit,  and  on  the  growth  in  length  of  the  frog  embryo,  have  led  him 
to  the  conclusion  that,  as  in  the  rabbit  so  in  the  frog,  there  is  evidence 
to  show  that  the  embryo  is  derived  from  two  definite  centres  of  growth  : 
the  first,  and  phylogenetically  the  oldest,  being  a  protoplasmic  activity 
which  gives  rise  to  the  anterior  end  of  the  embryo ;  the  second,  which 
gives  rise  to  the  growth  in  length  of  the  embryo. 

This  secondary  area  of  proliferation  coincides  with  the  area  of  thf* 
primitive  streak  ;  and  he  has  shown  in  a  subsequent  paper,  ^  by  the 
insertion  of  sable  hairs  into  the  unincubatcd  blastoderm,  that  a 
hair  inserted  at  the  centre  of  the  blastoderm  appears  at  the  anterior 
end  of  the  primitive  streak,  and,  subsequently,  is  found  at  tlie  level  of 
the  most  anterior  pair  of  somites.  Ho  then  goes  on  to  say,  p.  353: 
\^  From  these  specimens  it  seems  clear  that  all  those  parts  in  front  of 
the  first  pair  of  mesoblastic  somites  (that  is  to  say,  the  heart,  the 
brain,  and  medulla  oblongata,  the  olfactory  optic  and  auditory  organs 
and  foregut)  are  developed  from  that  portion  of  the  unincubate<l 
blastoderm  which  lies  anterior  to  the  centre  of  the  blastoderm,  and 
that  all  the  rest  of  the  embryo  is  formed  by  the  activity  of  the  primi- 
tive streak  area."  In  other  words,  the  secondary  area  of  growth,  f>., 
the  primitive  streak  area,  includes  the  whole  of  the  spinal  cord  region  : 
while  the  older  primary  centre  of  growth  is  coincident  with  the  cranial 
region. 

I  fail  to  see  any  evidence  that  the  cranial  region  has  been 
derived  from  the  spinal,  while  the  evidence  is  consistent  and 
strong  that  the  embryo  has  grown  in  length  by  the  addition  of 
83gments  in  regular  sequence  behind  the  first  formed  cranial 
region. 

The  answer  to  the  second  question  must  undoubtedly  be  in 
favour  of  the  origin  from  a  segmented  ancestor,  and  therefore  in 
favour  of  the  origin  from  the  Appendiculata. 

Both  in  the  adult  and  in  the  embryo  vertebrate,  the  evidence  of 
segmentation  is  confessedly  very  strong;  and  I  imagine  that  no  doubt 
on  the  question  would  have  arisen  if  it  wer^  not  for  the  unsegmented 
notocliord  and  unsegmented  tubular  formation  of  the  central  nervous 
system.  In  fact,  as  we  see,  Fiirbringer's  primitive  chordate  possessed 
an  unsegmented  alimentary  canal,  an  unsegmented  notochord,  and  an 

^  Quart.  Jour,  of  Micros,  Sci.,  pp.  191  and  223,  1894. 
*  Proe.  of  Roy,  Soc,  vol.  Ix.,  p.  349,  1896. 
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nnsejijmented  central  nervous  system.  Undoubtedly  the  manner  in 
which  the  tubular  nervous  system  is  formed  has  always  been  a  strong 
argument  in  the  minds  of  those  who  hold  the  view  of  the  origin  of 
vertebrates  from  an  unsegmentod  ancestor,  and  the  impossibility, 
therefore,  of  origin  from  a  nervous  system  so  markedly  segmented  as 
is  characteristic  of  the  Appendiculata.  My  theory  removes  this  objec- 
tion in  the  simplest  and  most  complete  manner,  for  even  in  the  most 
segmented  animals  the  alimentary  canal  is  unsegmented ;  therefore, 
naturally,  the  vertebrate  nervous  system,  formed  as  it  is  of  the  con- 
joined nervous  system  and  alimentary  canal  of  the  appendiculato 
ancestor,  is  formed  of  an  unsegmented  part,  the  central  canal,  and 
a  segmented  part,  the  nervous  material  proper ;  and,  equally  natur- 
ally, the  formation  of  the  unsegmented  tube  is  the  most  striking  part 
of  the  nervous  system  when  first  formed,  although  recent  researches 
(see  especially  Locy's  paper)  have  brought  to  light  a  regular  segmen- 
tation in  the  nervous  system,  even  before  the  tubular  canal  is  fully 
formed. 

FUrbringer*s  three  characteristics,  then,  of  the  unsegmented  ancestor, 
the  alimentary  canal,  the  tube  of  the  nervous  system,  and  the  noto- 
chord,  are  all  explained  on  my  theory  in  the  same  way ;  they  are  all 
unsegmented  for  the  same  reason,  viz.,  that  at  one  time  or  another 
they  functioned  as  an  alimentary  canal,  and  therefore  were  unseg- 
mented, even  though  the  rest  of  the  animal  was  of  the  most  marked 
segmental  type.  A  very  striking  instance  of  the  manner  in  which  an 
unsegmented  alimentary  canal  is  formed  in  a  markedly  segmented 
region  is  seen  in  the  case  of  the  formation  of  the  new  gut  in  the 
cranial  region  at  the  transformation  of  Aramocretes  into  Petromyzon, 
where  an  absolutely  unsegmented  tube  is  formed,  although  the  hyper- 
pharyngeal  ridge,  from  the  proliferation  of  some  of  the  cells  of  which 
tlie  solid  cord  is  formed,  which  then  hollows  out  to  form  the  gut,  is 
markedly  segmented  in  connection  wibh  the  branchiae. 

The  answer  to  the  third  question,  to  my  mind,  must  be  in  favour 
of  the  paramount  importance  of  the  central  nervous  system, 
especially  the  front  part  of  it,  or  brain. 

The  central  point  of  my  theory,  which  places  the  vertebrate  ancestor 
in  the  appendiculate  grouj>,  is  the  close  resemblance  between  the 
brain  of  the  Arachnida  and  of  the  Ammocoetes;  and  it  follows  that,  on 
my  theory,  the  dominant  factor  of  the  evolutionary  process,  whereby 
higher  forms  and  groups  of  animals  are  developed  from  lower,  is  the 
steady  increase  of  brain  power,  regardless  of  the  question  whether  the 
alimentary  canal  is  thereby  altered. 

The  history  of  evolution,  as  far  as  it  is  known,  certainly  appears 
to  bear  out  the  conclusion  that  the  ego  of  the  individual  lies  in  the 
brain,  and  not  in  the  alimentary  canal ;  that  whatever  changes  take 
place  in  tlie  other  organs,  the  question  whether  any  metamorphosis 
will  produce  a  lower  or  a  higher  form  depends  upon  whether  the  brain 
i4  involved  in  that  metamorphosis  or  not ;  that  in  all  groat  groups  of 
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animals  the  striking  difference  between  the  highest  and  lowest  of  that 
group  is  the  difference  in  size  of  the  brain.  Thus  the  manifest  dis- 
tinction between  the  lowest  fish  and  the  highest  mammal  is  the  marked 
increase  in  size  of  brain  and  in  brain  power.  The  same  law  applies 
to  the  difference  between  the  lowest  and  the  highest  mollusc,  the 
lowest  and  the  highest  of  the  great  appendiculate  group. 

It  is  therefore  clear  that,  in  order  to  form  the  lowest  of  the  higher 
group  of  Vertcbrata,  the  invertebrate  ancestor  must  have  possessed  a 
brain  very  slightly  inferior  to  that  of  such  lowest  vertebrate.  Is  there 
the  same  necessity  that  the  alimentary  canal  should  always  remain 
the  same  ? 

The  paramount  importance  of  the  central  nervous  system  over 
the  other  organs,  the  leading  role  which  it  plays,  is  exemplified  in 
the  metamorphosis  of  insects  and  of  the  lamprey.  In  both  cases, 
throughout  the  changes  which  take  place,  the  central  nervous  system 
steadily  increases  in  size  and  in  complexity ;  in  the  former  case  the 
separate  ganglia  of  the  larva  concentrate  and  fuse  together  especially  in 
the  thoracic  and  head  regions,  as  was  well  shown  by  Newport '  in  1832 
and  1834.  The  process  of  histolysis  by  which  the  larval  tissues  of 
the  insect  are  destroyed,  and  then  from  the  imaginal  discs  the  new- 
organs  of  the  adult  are  formed,  leaves  the  central  nervous  system 
alone  intact;  or,  at  all  events,  the  loss  of  the  elements  of  the  central 
nervous  system  which  is  associated  with  the  destruction  of  the  larval 
tissues  is  rendered  unapparent  by  the  concomitant  growth  of  the  new 
elements  of  the  nervous  system  formed  for  the  innervation  of  the  new 
tissues  of  the  adult,  or  perhaps  one  might  even  say  responsible  for  the 
growth  of  those  new  tissues.  During  the  time,  then,  of  the  histolysis 
and  rebuilding,  when  there  is  no  trace  of  a  functional  alimentary 
canal,  the  central  nervous  system  is  still  intact,  still  regulating  and 
controlling  the  metabolic  processes  so  actively  taking  place. 

Most  striking,  again,  is  the  transformation  process  by  which  the 
Ammocoetes  is  converted  into  a  Petromyzon.  Here  also  a  process  of 
histolysis  takes  place,  which  affects  the  whole  of  the  cranial  region  of 
the  animal  except  its  central  nervous  system.  All  the  organs  in  the 
branchial  and  oral  chambers  are  flooded  with  blood,  many  of  their 
tissues  utterly  destroyed,  and  for  a  time,  the  length  of  which  is 
unknown,  but  must  certainly  be  reckoned  by  weeks,  and  probably  by 
months,  the  alimentary  canal  is  functionless,  for  the  solid  rod  of  cells 
which  afterwards  hollows  out  and  forms  the  new  gut  in  this  region 
closes  entirely  the  entrance  to  the  intestine  from  the  branchial 
chamber,  so  that  until  the  lumen,  which  begins  at  the  caudal  end,  is 
formed  through  the  whole  length  of  the  rod,  the  only  possibility  of 
taking  in  food  is  afforded  by  the  respiratory  chamber  itself.  During 
the  whole  of  this  time  the  brain  region  remains  intact,  no  change 
having  taken  place  in  it  except  increase  of  growth  and  power.  So 
clear  to  my  mind  is  the  paramount  importance  of  the  increase  of  brain 
l)0wer  for  all  upward  evolution,  that  I  cannot  doubt  but  that  if  an 
antagonism  takes  place  between  the  alimentary  canal  and  the  central 

*  "  On  the  Nervous  System  of  the  Sphinx  Ligustri,"  Phil  Trans,,  1882  and  1884; 
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nervous  system,  the  upward  evolution  will  belong  to  that  group  in 
which  the  latter  has  gone  on  steadily  growing,  even  though  thereby 
new  digestive  arrangements  may  have  been  necessitated. 

Having,  then,  cleared  the  ground  so  far,  it  follows  that  if  my 
theory  is  true,  its  confirmation  must  be  sought  for,  in  the  first 
instance,  in  the  details  of  the  anatomy  of  the  cranial  region,  and 
that,  therefore,  an  explanation  of  the  meaning  of  the  distribution 
and  function  of  the  segmental  cranial  nerves  must  first  be  sought 
for. 

For  this  purpose  I  determined  to  examine  the  head  region  of 
Ammocoetes  thoroughly  from  a  different  point  of  view  to  that  of 
my  predecessors:  whereas  they  had  looked  at  its  structure  in 
order  to  compare  it  with  other  vertebrates,  keeping  in  mind 
especially  the  possibility  of  its  being  a  degenerated  form,  I  deter- 
mined to  look  at  its  structure  in  order  to  compare  it  with  inverte- 
brates, keeping  in  mind  especially  the  possibility  of  its  being  a 
modified  arthropod.  The  fact  of  its  being  a  larval  form,  with  a 
long  free  living  existence  before  transformation  takes  place  and 
it  becomes  a  full  grown  Petromyzon,  made  it  especially  favourable 
for  ray  purpose;  for  the  great  importance  of  such  a  factor  in 
tracing  back  an  ancestral  form  is  universally  recognised,  and  has 
been  especially  emphasised  by  Sedgwick^  in  his  paper  on  the  " Law 
of  Development  known  as  von  Baer's  Law,"  in  which  he  con- 
cludes that,  "  whereas  larval  development  must  retain  traces  of 

*  ancestral  stages  of  structure  because  they  are  built  out  of  ances- 

*  tral  stages,  embryonic  development  need  not  necessarily  do  so, 
'  and  very  often  does  not ;  that  embryonic  development,  in  so  far 

*  as  it  is  a  record  at  all,  is  a  record  of  structiu-al  features  of 

*  previous  larval  stages." 

The  conclusions  to  which  the  study  of  the  head  region  of 
Ammocoetes  as  a  modified  Arthropod  led  me  were,  that  the  cranial 
nerves  in  this  animal  innervated  structures  and  organs  which 
could  without  difficulty  be  derived  from  an  Arthropod  type, 
especially  such  a  type  as  Eurypterus ;  and  I  came  to  the  conclu- 
sion that  the  remains  of  Eurypterid  appendages  were  still 
existent  in  Ammocoetes,  and  that  the  cranial  nerves  owed  their 
peculiarities  to  their  innervation  of  such  appendages.  Such 
innervation  divided  itself  naturally  into  the  two  great  groups 

^  Quart.  Jour,  of  Micros,  Sci,  vol.  xxxvu 
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emphasised  by  Gegeiibaur,  which  may  be  called  the  Trigeminai 
I'iiid  Vagus  groups :  such  groups  corresponded  respectively,  accord- 
ing to  my  theory,  with  the  prosomatic  and  mesosomatic  nervr- 
groups  of  Eurj'pterus ;  of  which  the  former,  as  in  Ammoccetes, 
innervated  the  appendages  of  an  oral  chamber,  while  the  latter 
innervated  the  appendages  of  a  branchial  chamber.  The  remnants 
of  prosomatic  appendages  in  Ammoccetes  were  the  tentacles  and 
velum,  while  the  appendages  of  the  branchial  chamber  were  the 
branchite  and  thyroid  gland  and  their  supports. 

It  seemed  to  me  a  very  strong  rieasou  for  supposing  that  I  was 
on  the  right  line  of  research  to  find  that  all  these  very  structures 
and  orgiins  which  I  had  thus  interpreted  as  ancestral  remnanls 
either  absolutely  disappeared  or  were  greatly  modified  when  the 
metamorphosis  takes  place.  Away  go  tentacles  and  velum,  away 
goes  thyroid,  a  new  gut  is  formed  in  the  cranial  region,  and  the 
branchial  chamber  is  so  altered  as  to  be  capable  of  description  in 
the  ordinary  tenn  of  gill  pouch  and  gill  slit.  Especially,  too,  is  it 
noticeable  that  every  trace  of  muco-cartilage  and  of  the  tubulai* 
muscles  disappears,  that  the  black  pigment  under  the  skin  be- 
comes white,  and  the  laminated  layer  of  the  dermis  is  altered  in 
cliaracter.  In  fact,  a  number  of  tissues  and  organs  are  got  rid  of 
in  the  cranial  region,  every  one  of  which,  on  n}y  theory,  plainly 
indicates  its  past  invertebrate  history. 

The  conclusion  to  which  I  had  tlnis  come,  that  a  type  more  or 
less  similar  to  that  of  P^urypterus  was  the  most  likely  to  give  a 
clue  to  the  origin  of  these  various  structures  in  Ammoccetes,  led 
me  to  examine  the  tissues  and  organs  of  Limidus  and  the 
scorpion  tribe  as  the  only  existing  animals  which  could  be  ex- 
pected to  throw  light  on  the  internal  structure  of  Eurypterus 
and  its  allies.  As  I  have  pointed  out  in  my  Liverpool  address, 
my  hopes  and  expectations  were  gratified  to  the  full ;  for  not  only 
did  I  find  that  peculiarities  of  the  cranial  nerves  were  easily 
i*eferable  to  the  arrangement  of  the  nerves  in  tho  scorpion  and 
Limulus  group,  that  the  muco-cartilage  and  the  peculiar  cartila^ 
of  Ammoccetes  were  pi*esent  in  the  same  position  and  of  the 
same  structure  in  Limulus,  that  the  peculiar  thyroid  gland  has 
its  counterpart  in  the  corresponding  position  in  the  scorpion,  but 
also,  by  arguing  in  the  reverse  direction,  I  was  able  to  find  the 
unknown  auditory  and  olfactory  organs  of  these  animals,  for  the 
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flabellum  of  Liinulus  fitted  in  with  the  auditory  sac  of  Ammo- 
coetes,  and  the  eamerostome  of  Thelyphonus  seemed  to  be  the 
exact  homologne  of  the  olfactory  organ  of  Ammoccetes. 

Such,  then,  appears  to  me  to  be  the  most  certain  method  of 
finding  out  the  nature  of  the  ancestor  of  the  vertebrates:  in  the 
first  place,  to  study  up  to  the  minutest  detail  the  anatomy  and 
the  physiology  of  Ammoccetes,  and  in  this  way  to  obtain  more 
and  more  points  of  comparison  between  it  and  its  presumed 
arthropod  ancestor.  There  is  only  one  scientific  way  of  finding 
out  the  past  history  of  the  vertebrate,  and  that  is  to  interrogate 
the  vertebrate  itself. 

I  propose  then,  in  this  and  the  following  papers,  to  take  the 
tissues  and  organs  of  the  Ammoccetes  one  by  one  and  compare 
them  with  those  tissues  and  those  organs  in  Limulus  and  the 
scorpion  group  with  which,  on  my  theory,  they  are  homologous. 
I  will  leave  further  consideration  of  the  central  nervous  system 
for  the  present,  and  proceed  in  my  next  part  to  the  consideration 
of  the  cartilaginous  skeleton  of  the  head  region. 


Part  TI. — The  Origin  of  the  Vertebrate  Cranio-Facial 

Cartilaginous  Skeleton. 

In  the  consideration  of  the  central  nervous  svstem  we  saw 

•I 

that  we  could  trace  back  step  by  step  every  part  of  the  brain 
(through  the  Mammalia,  Aves,  Keptilia,  Amphibia,  Petromyzon) 
down  to  the  simple  brain  of  Ammoea*tGS ;  so  also,  in  considering 
the  origin  of  the  vertebrate  cranio-facial  skeleton,  we  find  simi- 
larly that  it  can  be  traced  back  step  by  step  to  the  cartilaginous 
skeleton  of  the  Ammoccetes. 

The  axial  skeleton  of  man  consists  of  two  parts : — 

1.  The  vertebral  column,  with  its  attached  bony  parts,  all  of 
which  are  formed  from  cartilage. 

2.  The  craniofacial  skeleton,  partly  formed  from  cartilage, 
partly  from  membrane. 

In  the  early  part  of  tliis  century  the  cranio-facial  skeleton  was 
supposed  to  be  formed  of  a  number  of  modified  vertebrae.  This 
theory  was  overthrown  by  Huxley  in  1869,  who  showed  that  the 
true  evidence  of  segmentation  in  the  head  region  was  obtainable 
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from  the  cranial  nerves  and  the  branchiae,  and  not  from  the 
study  of  the  superficial  sutures  in  the  cranium.  From  this  time 
until  now  it  has  become  more  and  more  certain  that  the  cranio- 
facial skeleton  cannot  be  explained  as  a  number  of  modified 
vettebrae,  but  rather  as  formed  of  skeletal  structures,  which  aros*', 
in  the  first  instance,  in  connection  with  the  visceral  and  branchial 
arches. 

If  we  trace  back  its  formation  we  see,  as  we  pass  through  the 
reptiles  to  the  amphibians  and  fishes,  how  clearly  the  facial  skele- 
ton of  the  mammalians  can  be  traced  back  to  the  modification 
of  a  series  of  visceral  and  branchial  arches.  Especially  neat  and 
instructive  is  the  history  of  the  modifications  by  which  the  ear 
bones  have  arisen,  so  that,  as  we  see  from  the  series  of  mono- 
graphs by  Parker,  we  can  trace  back  the  bony  skeleton  of  the 
head  to  that  of  the  tadpole  of  the  amphibian,  and  the  great  group 
of  fishe&  Further,  Parker  has  shown  that  the  cartilaginous 
cranio-facial  skeleton  of  Petromyzon  is  distinctly  comparable 
with  that  of  the  tadpole,  so  that  the  cranio  facial  bony  skeleton 
of  the  higlier  Vertebrata  can  be  derived  directly  from  a  non-bony 
cartilaginous  skeleton,  such  as  is  seen  in  Petromyzon  and  the 
cartilaginous  fishes.  Such  skeleton  consists  essentially  of  a  series 
of  visceral  and  branchial  cartilaginous  bars,  together  with  th** 
basal  trabeculsb  and  parachordals,  and  a  cartilaginous  unseg- 
mented  cranium,  to  which  must  be  added  auditory  and  nasal 
capsules.  But  Petromyzon  is  derived  from  Amraocoetes  by  a 
remarkable  process  of  transformation,  and  a  most  important  part 
of  that  transformation  is  the  formation  of  new  cartilaginous 
structures.  Thus  we  see  that  in  Ammocoetes  there  is  no  sign  of 
a  cartilaginous  vertebral  column :  at  transformation  the  rudi- 
mentary vertebrte  of  Petromyzon  are  formed.  In  Ammoca?tes 
the  brain-case  is  a  simple  fibrous  membranous  covering ;  at  trans- 
formation this  becomes  cartilaginous :  there  are  no  cartilaginous 
structures  in  the  anterior  part  of  Ammoccetes  corresponding  to 
the  sub-ocular  arches.  These  are  all  formed  at  transformation : 
it  follows,  therefore,  that  we  can  trace  back  the  bony  skeleton 
of  the  vertebrate  head  to  the  skeleton  of  Ammocoetes,  and  w«> 
may  therefore  conclude  that  the  primitive  cartilaginous  skeleton 
of  the  vertebrate  consisted  of  the  following  structures  (fig.  5b), 
viz.,  the  branchial  bars  forming  a  basket  work,*  the  trabeculae  and 
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parachordals,  the  auditor}'  and  ntisal  capsules, — a  clear  proof,  if 
more  were  wanted,  that  the  cranial  skeleton  is  older  than  the 
spinal.  Of  these  structiu:es  the  bmnchial  bars  are  the  only 
clearly  segmented  parts. 

If,  then,  my  hypothesis  will  explain  the  origin  of  these  parts, 
it  will  explain  at  the  same  time  the  origin  of  tlie  whole  of  the 
bony  skeleton  of  the  vertebrate  head. 

On  the  Topographical  Arran/jevient  of  the  Soft  Cartilage  of 
the  Branchial  Skeleton  of  Ammocoetes. 

llie  study  of  Ammocoetes  shows  us  that  its  skeletal  parts  fall 
naturally  into  two  marked  groups,  characterised  by  a  difference 
in  the  structure  of  the  cartilage,  by  a  difference  in  topographical 
position,  and  by  an  independence  of  origin. 

Tliese  two  groups  are  the  branchial  and  the  basi-cranial  groups 
respectively.  J.  Miiller  ^  was  the  first  to  poiut  out  that  these 
two  sets  of  cartilages  differed  in  appearance  and  constitution, 
and  he  gave  to  them  the  name  of  yellow  and  grey  cartilage. 
Parker  2  has  described  them  fully  under  the  terms  soft  and 
hard  cartilage,  terms  which  Schaffer  has  also  used,  and  I  shall 
(Jso  make  use  of  them  in  this  paper.  We  see,  as  is  shown  in 
tig.  5b,  that  the  whole  of  the  branchial  cartilaginous  skeleton  is 
composed  of  soft  cartilage,  while  the  basi-cranial  skeleton,  con- 
sisting of  trabeculfie,  parachordals,  and  auditory  capsule,  is  com- 
posed of  hard  cartilage,  the  only  soft  cartilage  in  this  region 
being  that  which  forms  the  nasal  capsule  not  represented  in  the 
figure. 

Further,  we  see  that  these  two  groups  of  cartilage  arise  inde- 
pendently, so  that  at  first  the  basi-cranial  system  is  quite  separate 
from  the  branchial,  and  only  late  in  the  history  of  the  animal 
is  a  junction  effected  between  the  branchial  system  and  the 
trabeculffi  and  parachordals, — an  original  separation  which  is 
especially  striking  when  we  consider  that  in  this  animal  all  the 
cartilaginous  structures  of  any  one  system  are  continuous :  there 
is  no  sign  of  anything  in  the  nature  of  joints. 

Of  these  two  main  groups,  the  branchial  cartilages  are  first 

1  **  Vergleicli.  Anat.  d.  Myxinoiden,"  AhlMmll.  d,  Kgl.  Akad.  d.  Jf'i^s.^  Berlin, 
1834. 
*  *'  On  the  Skeleton  of  the  Marsipobranch  Fishes,"  Ph  I.  Trans.,  1888,  p.  411. 
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formed  embryologically,  a  fact  which  Biiggests  thnt  they  are  Uie 
moat  primitive  of  the  vertebrate  cartil^es,  and  that,  there- 
fore, the  firet  true  fortnatioQ  of  cartilage  in  the  invertebrate 
anceator  may  be  looked  for  in  the  shape  of  bars  Bupportiog  the 
branchial  mechanism.     The  evidence  of  the  origin  of  the  carti- 
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A,  dJBgratn  of  cart ilagj nous  skeleton  of  Limulus.  f!n/l  eatli/agt—F.ntn\iliO}ihym] 
ligamentR,  deep  blnck  ;  branchial  bara.  aim  pi;  hatched.  Hard  carHlagt  — 
Lateial  traliecul  jr  afeutostrvuite,  netted.     Fh,  position  of  pharynx. 

IS,  disgram  of  rartilaginoiu  skeleton  of  AnrniocrrteB.  Subchorial  cartiliginon!! 
iMtids,  deep  black;  branchial  basket  work  (first  formed  part),  (implu 
Imtched  ;  craniolotial  skeleton  ti'a1>eculic  and  auditory  capsules,  netted. 
/«/,  |K)sitioii  of  tube  of  infundibulum  (old  tcsophagtis). 

lajriuoua  structures  in  Ammoeaiteaia  given  by  Shipley'  in  the 
following  words: — 

"  Tlie  brancliinl  bases  arc  the  first  pnrt  of  tlie  skeleton  to  appear. 
Tln!y  arise  about  tlie   24tli  day  as  straight   bars  of   cartilage,  lying 

'  Quart.  JauT.  ofMierot.  Sd.,  1387. 


ON'   THE  ORIGIN  OF   VERTEBRATES.  557 

external  and  slightly  posterior  to  the  branchial  vcsaeL  Tu  their 
relation  to  the  vessel  they  correspond  with  the  extra-branchial  bars  of 
the  tadpole  and  the  sharks. 

"The  first  traces  of  the  basi-cranial  skeleton  appear  on  the  30th 
tlay  as  two  rods  of  cartilage — the  trabeculie." 

Our  attention  must,  in  the  first  place,  be  directed  to  this 
branchial  basketwork  of  Ammoccotea 

This  branchial  skeleton  has  been  so  often  described  before,  and 
quite  recently  again  by  Schaffer,^  that  it  is  unnecessary  to  re- 
describe  it.  Parker  gives  its  general  appearance  in  the  adult 
Petromyzon  in  figs.  1  and  2,  pi.  xviii.  We  see  that  it  is  simpler 
in  Ammoccetes  than  in  Petromvzon,  and  that  its  actual  startinj^- 
point  consists  of  a  main  transverse  bar  corresponding  to  e^ich 
branchial  segment;  from  this  transverse  bar  the  system  of 
longitudinal  bars  by  which  the  basketwork  is  formed  has 
sprung.  These  transverse  bars  arise  from  a  cartilaginous  longi- 
tudinal rod,  situated  close  against  the  notochord  on  each  side. 
These  rods  may  be  called  the  subchordal  cartilaginous  bands ; 
and,  according  to  the  observations  of  Schneider  -  and  others,  each 
subchordal  band  does  not  form  at  first  a  continuous  cartilaginous 
rod,  but  the  cartilage  is  conspicuous  only  at  the  places  where  the 
transverse  bars  arise.  In  the  youngest  Ammoccetes  examined  by 
Schaffer,  he  could  find  no  absolute  discontinuity  except  between 
the  first  two  transveree  bars,  but  he  says  that  tlie  thinning 
between  the  transverse  bars  was  so  marked  as  to  make  it  highly 
probable  that  at  an  earlier  stage  there  was  discontinuity.  The 
whole  system  of  branchial  bars  and  subchordal  rods  is  at  first 
absolutely  disconnected  from  the  cranial  system  of  trabecuhe 
and  parachordals,  and  only  later  do  the  two  systems  join. 

We  see,  then,  that  the  observations  on  Ammoc(xtes  lead  most 
definitely  to  the  conclusion  that  the  starting-point  of  the  whole 
cartilaginous  skeleton  of  the  vertebrate  consisted  of  a  series  of 
transverse  cartilaginous  bars,  for  the  purpose  of  supporting  bran- 
chial segments,  which  were  connected  with  two  axial  longitudinal 
cartilaginous  rods,  which  at  first  contained  cartilage  only  near 
the  places  of  junction  of  the  branchial  bars. 

In  addition  to  this  primitive  cartilaginous  framework,  which 

'  ZeiUchr.f.  Wi^cn,  ZooL,  vol.  Ixi.  p.  606,  1896. 

'  £Mrjg$  z,  Anat.  u.  Entwieklujig^gssch,  der  IFirbeUhiere,  BsrKii,  1879. 
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was  formed  for  the  support  of  the  mesosomatic  or  respiratory 
segments,  but  at  a  slightly  later  period  in  the  phylogenetic 
history,  a  separate  cartilaginous  system  was  formed  for  the 
support  of  the  prosomatic  segments,  viz.,  the  trabeculse  and  para- 
chordals with  the  auditory  capsules :  a  system  which  was  at  first 
entirely  separated  from  the  mesosomatic,  and,  as  we  shall  see,  is 
more  advanced  in  structure  than  the  branchial  system.  Later 
still,  the  story  is  completed  at  the  time  of  transformation  by  the 
formation  of  the  simple  cartilaginous  skull  and  the  rudimentary 
vertebrae,  the  structure  of  which  is  also  of  a  more  advanced  type. 
So  much  for  the  topographical  position  of  the  original  cartila- 
ginous skeleton.  Before,  however,  we  can  form  a  conception  of 
the  origin  of  these  branchial  cartilaginous  bars,  we  must  know 
also  their  structure,  and  see  how  such  structure  has  arisen. 

(hh  the  Structure  of  the  Branchial  Cartilages  in  Ammocaies. 

In  the  higher  vertebrates  various  forms  of  cartilage  are  de- 
scribed, viz.,  hyaline,  fibro-cartilage,  elastic-cartilage,  and  paren- 
chymatous cartilage.  Of  these,  the  parenchymatous  cartilage 
is  looked  upon  as  the  most  primitive  form,  because  it  pre- 
serves without  modification  the  characters  of  embiyonic  cartilage. 

Embryologj',  then,  would  lead  to  the  belief  that  the  earliest 
form  of  cartilage  in  the  vertebrate  kingdom  ought  to  be  of  this 
type,  viz.,  large  cells,  each  of  which  is  enclosed  in  a  simple  cap- 
sule, so  ths  t  the  capsules  of  the  cells  form  the  whole  of  the  matrix, 
and  form  a  simple  homogeneous  honeycomb  structure,  in  the 
alveoli  of  which  the  cartilage  cells  lie  singly.  If,  then,  the 
branchial  imrtilages  of  Ammocoetes  are,  as  has  just  been  argued, 
the  representatives  of  the  cartilaginous  skeleton  of  the  primitive 
vertebrate,  it  is  reasonable  to  suppose  that  they  should  resemble 
in  structure  this  embryonic  cartilage.  Such  is  undoubtedly  the 
case :  all  observers  who  have  described  the  branchial  basketwork 
of  Ammocoetes  or  Petromyzon  have  been  struck  with  the  ex- 
tremely primitive  character  of  the  curtilage,  and  the  last  observer 
(SchaiFer)  described  it  as  composed  of  thin  walls  of  homogeneous 
material,  in  which  there  are  no  lines  of  separation,  which  form  a 
simple  honeycomb  structure,  in  the  alveoli  of  which  the  separate 
cells  lie  singly.     These  branchial  cartilages  are  each  surrounded 
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by  a  layer  of  perichondrium,  and  in  fig.  -1,  PI.  XI II,,  I  give  a  picture 
of  a  section  of  a  portion  of  one  of  the  bars  and  its  perichondrium. 
Hence  we  see  that  structurally  as  well  as  topographically  the 
branchial  bars  of  Ammocoetes  justify  their  claim  to  be  considered 
as  the  origin  of  the  vertebrate  cartilaginous  framework. 

On  the  Structure  of  the  Muco-Cartilage  hi  Ammoccetcs. 

We  can,  however,  go  further  than  this,  and  ask  how  this  car- 
tilage itself  is  formed  in  *  Ammocoetes  ?  The  answer  is  most 
definite,  most  instructive  and  suggestive ;  for  we  see  that  in  all 
cases  this  particular  kind  of  cartilage  is  formed  from,  or  at  all 
events  in,  a  peculiar  fibrous  tissue,  which  was  called  by  Schneider 
"  Schleim-Knorpel,"  or  muco-cartilage, — a  tissue  which  is  distin- 
guishable from  other  connective  tissues,  not  only  by  its  structural 
peculiarities,  but  also  by  its  strong  affinity  for  all  dyes  which 
differentiate  mucoid  or  chondro-mucoid  substancea 

This  muco-cartilage  is  thus  described  by  Schneider : — The  peri- 
chondrium in  Ammocoetes  is  not  confined  to  the  true  cartilaginous 
structures,  but  extends  itself  in  the  form  of  thin  plates  in  definite 
directions.  Between  these  plates  of  perichondrium  a  peculiar 
tissue — the  muco-cartilage — exists,  consisting  of  fibrillse,  whose 
direction  is  mainly  at  right  angles  to  the  planes  of  the  perichon- 
drial  plates,  with  star-shaped  cells  in  among  them,  and  with  the 
spaces  between  the  fibrillse  filled  up  with  a  semi-fluid  mass. 

From  this  tissue  all  the  primitive  cartilages  which  resemble 
the  branchial  bars  are  formed,  either  by  the  invasion  of  chondro- 
blasts  from  the  surrounding  perichondrium,  or  by  the  proliferation 
and  encapsulation  of  the  cells  of  the  muco-cartilage  itself.^ 

Before  we  can  understand  the  formation  of  cartilage  in 
Ammocoetes,  it  is  clearly  most  important  to  map  out  tlie  dis- 
tribution of  this  peculiar  tissue.  In  order  to  do  this  I  made 
use  of  the  micro-chemical  reaction  of  thionin,  a  dye  which, 
as  shown  by  Hoyer,^  stains  all  mucin-containing  substances 
a  bright  purple.     I  found  with   this  dye  that  the  matrix  or 

'  A.B. — I  do  not  proitose  here  to  lengthen  this  paper  by  discussing  the 
question  whether  the  soft  cai'tilage  is  always  formed  by  means  of  chondroblasts 
which  invade  the  muco-cartilage  from  without.  I  hojie  in  a  future  paper  to 
discuss  the  whole  question  of  the  formation  of  both  soft  and  hard  cartilage  as 
shown  at  the  time  of  transformation. 

*  Archivf.  Micros  Anat,y  vol.  xxxvi.,  1890. 
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ground  substance  of  the  branchial  cartilages  stained  a  deep  purple, 
and  that  the  matrix  or  semi-fluid  substance  in  which  the  fibrils  of 
the  muco-cartilage  are  imbedded  was  also  coloured  deeply  purple, 
while  the  fibrous  material  of  the  cranial  walls  and  other  connec- 
tive-tissue strands  were  coloured  light  blue.  In  fig.  1,  PI.  XIII., 
the  manner  in  which  the  branchial  cartilages  are  ditferentiateil 
by  thionin  is  shown,  and  in  fig.  3  a  portion  of  muco-cartilage,  in 
which  the  formation  of  new  cartilage  is  taking  place,  is  coloiu-ecl 
us  it  appears  when  stained  with  thionin.  In  this  way  it  was 
easy  to  map  out  the  distribution  of  this  tissue  more  thoroughly 
than  had  been  done  liy  Schneider  and  Kaensche.  Accordingly, 
in  the  paper  which  I  sent  to  the  Qiiarterli/  Journal  of  Microscopi- 
cal Sciefice  in  1895,  but  which  was  never  published,  I  gave  sucli 
a  description.  As,  however,  Schaffer  in  his  paper  has  mappecl 
out  this  tissue  by  means  of  a  corresponding  stain — haemalum — it 
is  unnecessary  for  me  to  go  into  any  detailed  description  of  the 
position  of  these  muco-cartilaginous  plates,  especially  as  I  agree 
with  his  description.  I  will  therefore  confine  myself  to  a  very 
general  description  of  its  area  of  distribution. 

In  the  first  place,  it  is  confined  absolutely  to  the  head  region 
of  Ammocoetes :  no  sign  of  it  exists  in  other  parts. 

In  the  second  place,  it  is  not  found  in  Petromyzon  or  the  higher 
vertebrates:  it  entirely  disappears  at  transformation,  being  eaten 
up  by  phagocytes,  or  else  transformed  into  cartilage, — a  fact  of 
great  significance,  as  pointing  distinctly  to  an  ancestral  origin 
for  this  tissue. 

In  the  third  place,  if  we  anticipate  a  future  chapter,  its  dis- 
tribution niay  be  described  as  a  series  of  muco-cartilaginous 
plates  and  bars  in  connection  with  the  remnants  of  the  proso- 
matic  and  mesosomatic  appendages  of  the  Eurypterus-like  ancestor 
of  Amtuocoetes. 

These  may  be  tabulated  as  follows: — 

Mcsosornatic. — 1.  The  plates  of  the  branchial  appendages,  repre- 
sented in  Ammocoetes  by  the  muco-cartilages  of  the  branchial 
and  subchordi)^!  cartilages. 

2.  The  plates  of  the  opercular  appendages,  represented  in 
Ammocoetes'  by  the  niedian  plate  of  muco-cartilage  over  the 
thyroid  gland,  together  with  its  dorsal  continuation  along  the 
line  of  the  pseudo-branchial  groove  on  each  side. 
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ProsomaJtic. — 1.  The  plate  of  the  metastoma,  represented  in 
Anunocoetes  by  the  plat^  of  muco-cartilage  of  the  lower  lip. 

2.  The  plate  of  the  hypostoma,  represented  in  Ammocoetes  by 
the  muco-cartilage  of  the  upper  lip. 

3.  The  muco-cartilaginous  plates  of  the  prosomatic  appendages, 
represented  in  AmmoccBtes  by  the  muco-cartilages  in  connection 
with  the  velum  and  the  tentacles. 

The  conclusions  to  which  we  are  led  by  the  study  of  the 
structure,  position,  and  mode  of  origin  of  these  primitive  car- 
tilages of  Ammocoetes  may  be  thus  summed  up: — 

1.  The  immediate  ancestor  of  the  vertebrate  must  have  pos- 
sessed a  peculiar  fibrous  tissue — the  ground  substance  of  which 
stained  deep  purple  with  thionin — in  which  cartilage  arose. 

2.  The  cartilage  so  formed  was  not  like  hyaline  cartilage,  but 
resembled  in  a  striking  manner  parenchymatous  cartilage. 

3.  This  cartilage  was  situated  partly  in  two  axial  longitudinal 
bands,  partly  as  transverse  bars,  which  supported  the  branchial 
apparatus. 

On  the  Topographical  Arrangement  of  the  Soft  Cartilage 
of  the  Branchial  Skeleton  of  Limulus, 

To  such  a  conclusion  the  investigation  of  Ammocoetes  alone  had 
led  me  in  1890  when  I  published  my  paper  in  the  Quarterly  JoumaL 
Consequently,  I  determined  to  search  the  literature  of  the  his- 
tology of  the  cartilaginous  tissues  in  invertebrate  animals,  and  see 
whether  any  cartilage  had  been  described  similar  to  that  seen  in 
the  branchial  cartilages  of  Ammocoetes,  and  whether  such  carti- 
lage, if  found,  arose  in  a  fibrous  tissue  resembling  muco-cartilage. 
My  search  was  speedily  rewarded  by  finding  in  Eay  Lankester's 
article  on  the  tropho-skeletal  tissues  of  Limulus^  a  picture  of 
the  cartilage  of  limulus  which  would  have  done  for  a  drawing  of 
Ammocoetes  cartilage. 

This  tissue  in  Limulus,  which  was  described  by  Gegenbaur  *  as 
cartilage  in  1858,  is  called  by  Lankester  capsuligenous  connective 
tissue,  and  \a  described  by  him  as  formed  in  a  peculiar  fibrous 

'  Quart,  Joum,  of  Micros.  Sd.,  vol.  xxiv.  p.  129,  1884,  pi.  xi.  fig.  4. 
^  "  Anatomiflche  Untersuchang  eines  Limulus,"  Abhandl,  d.   NaturforscK 
GesdUchaft  zu  ffalle,  Bd.  iv.,  1858. 

VOL.  xxxiL  (n.s.  vol.  XIL)  2  0 
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tissue,  which  he  considers  to  be  of  the  same  kind  as  that  fonning 
the  fibrous  material  of  the  ento-stermte,  to  wliich  he  gave  the 
name  of  fibro-massive  tissue.  This  peculiar  cartilage  or  capeuli- 
genous  tissue  occurs,  according  to  Lankester,  in  one  special 
organ  of  limulus  only,  and  is  not  foimd  elsewhere  in  that  animal 
or  at  all  in  Scorpio.  On  each  side  of  the  mid-dorsal  line  in  the 
abdominal  carapace  a  series  of  invaginations  of  the  chitinous 
covering,  corresponding  to  the  mesosomatic  segments,  are  seen  in 
Limulus;  the  inward  massive  projections  of  chitin  thus  formed 
are  called  entapophyses,  and  Lankester  found  that  each  entapo- 
physis  is  connected  with  its  neighbour  by  a  ligament  which  was 
composed  of  fibro-massive  tissue,  with  an  axial  core  of  thLs  peculiar 
cartilage,  so  that  there  is  formed  on  each  side  of  the  mid  line  au 
entapophysial  ligament,  more  or  less  cartilaginous  in  nature.  At 
each  entapophysis  the  cartilage  is  described  by  Lankester  as 
thickened  so  as  to  form  a  knob,  which  projects  at  right  angles  to 
the  line  of  the  ligament. 

On  reference  to  Gegenbaur,  it  appears  that  he  discovered 
this  cartilage  in  the  connective  tissue  which  connected  the  inner- 
most part  of  each  entapophysis  with  a  pyramidal  projection  of 
the  integument  which  is  situated  at  the  base  of  each  branchial 
appendage.  Tliroughout  he  speaks  of  each  cartilage  as  a  '  Sttick- 
chen,'  although  of  considerable  thickness  in  diameter,  2'"'  thick. 
As  fur  as  I  can  understand  his  description,  his  pieces  of  cartilage 
were  confined  to  the  connective  tissue  close  to  the  entapophyses, 
and  corresponded  to  the  knobs  described  by  Lankester,  and 
figured  by  Benham  ^  in  his  paper.  The  extreme  similarity  in  the 
appearance  of  the  structure  of  this  cartilage,  as  drawn  in  Lankes- 
ter's  picture,  to  that  of  the  branchial  cartilage  of  Ammocoetes,  and 
the  similarity  of  its  position,  being,  as  it  is,  absolutely  confined 
to  the  branchial  region,  and  forming  two  longitudinal  axial 
bands,  together  with  the  fact  of  its  formation  in  a  special  kind  of 
fibrous  connective  tissue,  all  pointed  to  the  possibility  of  a  corre- 
spondence between  these  entapophysial  cartilaginous  bands  and 
the  subcliordal  cartilaginous  ligamentous  bands  of  Animocoete& 
Apparently,  however,  from  Lankester's  description,  there  were  no 
branchial  cartilaginous  bars  in  Limulus,  such  as  I  expected  to  find 
if  the  entapophysial  ligament  corresponded  to  the  subchordal  bands 

*  Trans.  Zool,  Soc.,  vol.  xi. 
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lif  AmniocoBtea  I  therefore  determined  to  look  for  myself,  and, 
tJtrou^  the  kindness  of  Prot  Lauk^ter,  I  was  enabled  to 
examine  a  well-preserved  specimen  of  an  adult  Limulus.     Imme- 

Fio.  3. — Tr&DBTcrse  sectioDB  through  me90som&  of  Limulua  to  ihow  the  anterior 
(A)  and  posterior  (B)  aiirlaceB  of  *  mesosoiDatic  or  bratichiAl  >pp«nd>eB. 
In  each  figure  the  btauchial  oartLlaginouB  bar  Br.Chwbwa  exposad  bjdls- 
■action  on  one  lid^ 


Sni,  entapo^ihyais;  Bnt.l,  entapaphjsUl  ligament  cut  aoross;  Sr.C,  branchial 
cartilariDoaB  bar  which  nprings  from  the  cntapophyeis ;  H,  heart ;  P, 
pericarainm  ;  Al,  alimentary  canaJ  ;  N,  nerve  card;  L.V.S,  longitodin^ 
venouB  xinus  ;  Dv,  dorso-ventral  muscle  ;  Vp,  Teno-pericardial  muacle, 

diately  I  saw  that  a  bar  of  cartilage  of  considerable  size  started 
from  each  'entapophysis  into  each  branchial  appendage,  so  that  by 
far  the  greatest  and  most  conspicuous  masses  of  this  kind  of 
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cartilage  in  limulus  were  these  branchial  bars,  and  not  the  small 
masses  in  the  entapophysial  ligamentous  bands.  Wondering  how 
Lankester  could  have  missed  such  obvious  structures,  I  turned 
to  Benham's  paper,  written  imder  Lankester's  direction,  and 
referred  to  in  his  paper,  and  there  found  these  bars  described  and 
figured,  but  described  not  as  cartilage  but  as  chUin. 

In  fig.  6  I  give  drawings  of  the  anterior  and  posterior  aspects  of 
one  of  the  branchial  appendages,  in  which  it  is  seen  that  a  con- 
spicuous bar  (Br.C)  is  marked  out  on  the  anterior  chitinous 
surface  of  the  basal  part  of  the  appendage  by  a  difference  of 
colour.  This  bar  (Br.C)  is  apparently  the  chitinous  bar 
described  by  Benham  (p  in  his  fig.  3,  PI.  74),  to  which  various 
appendage  muscles  are  attached,  and  is  also,  as  far  as  I  can 
understand  Gegenbaur's  description,  the  pyramidal  projection  at 
the  base  of  the  branchial  appendage,  which  is  connected  with 
the  entapophysis  by  means  of  the  cartilaginous  pieces.  Upon 
cutting  through  the  thin  chitinous  covering  and  removing  the 
imderlying  muscles,  we  see,  as  is  shown  in  fig.  6,  that  this  bar 
is  only  covered  with  chitin,  and  that  it  is  in  reality  a  massive 
cartilaginous  rod  which  extends  across  the  whole  base  of  the 
gill  appendage,  and  springs  from  the  cartilage  at  the  entapophysial 
The  rods  form,  in  fact,  a  regular  series  of  branchial  bars,  which, 
like  the  corresponding  branchial  bars  of  Ammocoetes,  are  extra- 
branchial  in  position ;  for  when  the  leaf -like  branchial  append- 
ages are  lying  at  rest,  both  the  muscles  of  the  appendage  and 
the  branchise  may  be  spoken  of  as  internal  to  this  branchial 
bar.  How  it  was  possible  for  Lankester  and  Benham  to  miss 
this  structure  I  cannot  understand.  This  bar  is  composed  of  a 
firm  homogeneous  mass  of  cartilage  surrounded  by  a  distinct 
perichondrium,  just  as  in  the  corresponding  branchial  bar  of 
Ammocoetes ;  it  is,  in  fact,  very  much  more  a  true  cartilaginous 
bar  than  the  entapophysial  ligament,  which  is  largely  composed 
of  fibrous  tissue  with  masses  of  cartilage  in  it,  the  cartilage 
formation  being  most  extensive  only  at  the  region  of  the  entapo- 
physes,  where  the  cartilage  of  the  entapophysial  ligament  is 
continuous  with  that  of  the  branchial  bar,  thus  forming  Lan* 
kester's  '  knobs '  and  Gegenbaur's  *  pieces.*  In  this  respect,  also, 
we  see  the  similarity  in  the  position  of  this  cartilage  with  that  of 
Ammocoetes ;  for,  as  already  mentioned,  the  subdiordal  cartila- 
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ginous  bands  were  especially  thickened  and  conspicuous  at  the 
places  where  the  branchial  bars  are  given  off  In  fig.  5,  A  and  B, 
I  have  attempted  to  represent  the  relative  positions  of  the 
branchial  skeleton  of  limulus  and  Ammocoetes  respectively. 

Topographically,  then,  this  cartilage  corresponds  most  remark- 
ably in  the  two  animals,  and  gives  very  strong  grounds  for  the 
belief  that  the  branchial  skeleton  of  the  Ammocoetes  arose  from 
a  branchial  cartilaginous  skeleton  similar  to  that  of  Limulus. 
This  conclusion  is  naturally  immensely  strengthened  if  the  struc- 
ture of  the  tissue  is  the  same  in  both  animals. 

On  the  Structure  of  the  Branchial  Cartilages  in  Limultis, 

What,  then,  is  the  structure  of  the  cartilage  in  Limulus? 
G^jenbaur  describes  it  as  different  from  any  other  invertebrate 
cartilage,  being  composed  of  capsules,  each  of  which  contains  a 
cell ;  it  is  surrounded  by  a  connective-tissue  perichondrium,  and 
externally,  at  the  perichondrial  layer,  the  capsules  are  smaller, 
and  ultimately  form  a  homogeneous  or  at  most  fine  granulated 
intercellular  substance,  which  is  directly  continuous  with  the 
ground  substance  of  the  connective  tissue. 

Gegenbaur's  description  would  correspond  to  a  honeycomb  of 
interstitial  tissue  surrounding  separate  cells,  just  as  in  the  tissue 
of  Ammocoetes  or  in  parenchymatous  vertebrate  cartilage. 

Lankester,  however,  says  expressly  that  it  resembles  vertebrate 
cartilage  in  some  respects,  but  differs  in  cestam  important  char- 
acteristics. He  states  that  capsules  are  formed  as  in  cartilage, 
but  the  cells  contain  vacuoles  which  communicate  with  each 
other,  so  that  this  capsuligenous  tissue  forms  a  spongy  or  reti- 
cular cartilaginous  lacxmar  system,  and  not  a  honeycomb  system; 
it  is  therefore  a  modified  part  of  the  lacunar  tissue,  and  not 
cartilage  such  as  is  found  in  vertebrates. 

Lankester's  picture  of  a  section  of  this  tissue  is,  to  my  mind,  a 
good  representation  of  the  structure  of  the  tissue,  and  it  appears 
to  me  evident,  from  that  picture  alone,  that  his  section  is  through 
a  honeycomb  kind  of  tissue,  and  not  through  a  sponge.  In  all 
sections  a  clear  wall  of  cartilage  forming  the  capsule  entirely 
surrounds  each  cell,  just  as  in  the  corresponding  sections  of  the 
branchial  cartilage  of  Ammocoetes.    The  tissue  can  be  described 
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in  every  way  in  precisely  the  same  manner  as  the  latter  tissue;. 
In  both,  vacuoles  apparently  appear .  between  the  cell  and  i^ 
capsule ;  in  both,  the  explanation  of  spch  appearances  is  that  we 
are  dealing  with  a  typical  example  of  parenchymatous  cartilage, 
in  which,  as  is  well  known,  although  the  cell  may  Have  originally 
filled  the  capsule,  a  shrinkage,  or  even  a  nearly  total  disappear-- 
ance,  of  the  cell-^pratoplasiii  is  frequently  observed  in  the  contents 
of  the  older  capsules,  so  giving  the  appearance  of  a  small  shrunk 
cell  and  a  large  vacuole  surrounded  by  the  wall  of  the  capsule. 
It  is  perfectly  true,  as  Lankester  says,  ".there  is  nothing  in  thiB 
tissue  corresponding  to  the  general  matrix  of  a  hyaline  cartilage. 
The  capsules  are  all  closely,  packed,  without  giving  rise  to  any 
quantity  of  homogeneous  inter-capsular  substance." 

Just  so,  the  cartilage  is  of  the  embryonic  or  parenchymatous 
variety,  and  identical  in  its  appearance  with  the  branchial  or 
soft  cartilage  of  Ammocoetes;  the  description  of  Schaffer  already 
quoted  would  apply  to  the  description  of  this  cartilage  in  Lin*- 
ulua  In  one  respect  there  is  difference:  the  innermost  axial 
layer  of  the  branchial  bar  of  Limulus  is  very  apt  to  contain-  a 
specially  hard  substance,  apparently  chalky  in  nature,  so  that  it 
breaks  down  on  section,  and  gives  the  appearance  of  a  broken 
dbwn  spongy  mftss;  if,  however,  the  tissue  is  placed  in  HCl 
soktion  fil'st,  it  then  cuts  easily,  and  the  whole  tissue  is  seen  to 
be  of  the  same  structure  throughout,  the  main  difference  being 
that  the  eapsuleu*  spaces  in  the  axial  region  are  much  larger  and 
much  hiore  empty  of  cell  protoplasm  than  the  smaller  younger 
cells  near  the  periphery. 

The  conclusion  drawn  from  the  histological  appearance,  that  we 
have  here  a  primitive  cartilage  of  the  same  kind  as  the  soft 
<jartilage  of  Ammocoetes,  is  further  confirmed  and  made  certain 
by  the  similarity  in  the  staining  reactions  of  these  two  tissues. 
Just  as  in  the  soft  cartilage  of  Ammocoetes,  this  tissue  stains 
intensely  purple  with  thionin,  showing  that  it  is  a  cartilage 
containing  large  (quantities  of  chondro-mucoid,  so  also  with 
picro-carmine,  and  better  still  with  the  double  staining  by 
haematoxylin  and-  picric  acid,  this  cartilage,  like  the  Ammoeoetes 
cartilage,  takes  on  a  red  or  deep  bluish  stain-  respectively,  and 
does  not  stain  yellow,  as  is  the  case  with  the  cartilages  of  the 
irabeculfle  and  auditory  capsule. 
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Very  striking,  as  is  seen  in  fig.  2,  PL  XIII.,  is  the  coiitrast 
between  the  cartilaginous  branchial  bar  and  the  perichondrium 
surrounding  it  when  the  section  has  been  stained  with  haematoxylih 
and  picric  acid,  or  with  thionin.  In  the  former  case  the  fibrous 
perichondrium  stains  yellow,  in  contradistinction  to  the  bluish 
colour  of  the  cartilage ;  and  in  the  latter,  light  blue,  in  contra^ 
distinction  to  the  deep  purple  colour  of  the  cartilage. 

We  may  conclude  from  these  staining  reactions  that  this  car- 
tilage is  composed  mostly  of  a  mucoid  substance,  while  the  fibres 
of  the  perichondrium  siurounding  it  are  more  of  the  nature  of 
ordinary  white  connective  tissue,  and  contain  a  gelatinous  rather 
than  mucoid  substratimi.  The  chemistry  of  these  substance* 
will  be  considered  later  (p.  578). 

On  the  Stincture  of  the  MuechCartilage  in  Limvlus. 

The  observations  of  Gegenbaur  and  Lankester  agree  in  the 
assertion  that  this  cartilage  is  formed  in  connective  tissue  which 
is  specially  in  connection  with  the  entapophyses.  Gegenbaur, 
in  describing  the  different  kinds  of  connective  tissue  foimd  in 
Limulus,  describes  one  particular  kind  as  follows : — 

''  Connective  tissue  with  almost  homogeneous  or  slightly  fibrillated 
intercellular  substauce,  reminding  one  of  a  "  Gallert  Gewebe,"  is  the 
least  common.  It  is  found  at  the  base  of  the  gills  in  the  neighbour- 
hood of  the  inner  projections  of  the  chitinous  skeleton  (entapophyses), 
and  in  the  neighbourhood  of  the  stomach.  The  cells  are  star-like, 
their  processes  only  slightly  branched ;  on  section  they  often  appear  as 
holes  in  the  ground-substance." 

This  tissue  I  imagine  to  be  the  fibrous  tissue  in  which  the  car- 
tilage of  the  entapophysial  ligaments  is  formed. 

Lankester  looks  upon  it  as  a  fibro-massive  tissue,  of  the  same 
kind  as  that  which  forms  the  substance  of  the  entostemite. 

Gegenbaur's  description  is  more  correct  than  that  of  lAn- 
kester:  this  tissue  is  not  of  the  same  character  as  that  of  the 
entosternite,  and  the  difference  is  shown  most  markedly  in  the 
difference  of  reaction  to  staining  reagents.  The  whole  of  this 
fibrous  tissue  in  the  neighbourhood  of  the  entapophyses  gives  an 
intense  purple  reaction  with  thionin,  while  the  fibrous  tissue  of 
the  entosternite  either  gives  no  colour  or  stains  a  light  blue 
dolour,  with  the  very  faintest  evidence  of  purple.     In  this  purple 
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staining  fibrous  tissue  of  Limulus  the  cartilage  is  developed  just 
as  in  the  corresponding  tissue  of  the  Ammocoetes ;  and  just  as  by 
its  reaction  with  thionin  it  is  possible  to  map  out  the  position  of 
the  muco-cartilage  in  Ammocoetes,  so  hj  the  same  reaction  it  is 
possible  to  map  out  the  position  of  the  corresponding  mueo- 
cartilage  in  limulus. 

This  tissue  is  clearly  a  connective  tissue,  containing  a  some- 
what homogeneous  mucoid  ground-substance, — a  tissue  which,  both 
in  its  staining  reactions  and  its  appearance,  is  comparable  with 
the  muco-cartilage  of  Ammocoetes. 

In  fig.  4,  PL  XIII.,  which  is  a  section  of  the  entapophysial  liga- 
ment of  Limulus  stained  with  thionin,  the  formation  of  the  paren- 
chymatous cartilage  in  this  muco-cartilage  is  shown;  and  in  fig.  3, 
PL  XIII.,  which  is  a  section  stained  with  thionin  through  the 
so-called  pedicle,  and  the  extra-hyal  in  an  Ammoccetes  before 
transformation,  it  is  seen  how  the  muco-cartilaginous  bar  of  the 
extra-hyal  is  invaded  by  chondroblasts,  and  thus  the  commence- 
ment of  the  new  cartilage  is  shown.  Both  these  mucoid  connective 
tissues  in  Limulus  and  in  Ammocoetes,  in  which  the  parenchyma- 
tous cartilage  is  formed,  may  be  called  muco-cartilage ;  and  we  see 
that  the  entire  disappearance  of  this  tissue  at  the  transformation 
of  the  lamprey  is  in  accordance  with  my  suggestion  that  the 
passage  from  Ammoccetes  to  Petromyzon  is  characterised  by  the 
casting  off  of  invertebrate  characteristics,  and  the  putting  on  of 
a  more  complete  vertebrate  type. 

On  the  Relation  between  the  Inteimal  CartUdginous  and  External 

Chitinons  Skeleton, 

In  the  formation  of  muco-cartilage  and  consequent  soft  carti- 
lage in  Limulus  we  have  a  distinct  clue  to  the  formation  of  an 
internal  skeleton  in  a  group  of  animals  like  the  Arthropoda, 
whose  skeleton  is  external,  and  the  question  arises — How  does 
Limulus  form  this  muco-cartilage  ? 

In  the  first  place,  it  is  distinctly  formed  in  close  connection 
with  the  entapophyses,  that  is,  with  ingrowths  of  the  external 
chitinous  covering ;  in  the  second  place,  the  chitinous  layer  of 
the  entapophyses,  and  indeed  over  the  whole  surface  of  the 
animal,  is  not  of  the  same  chemical  structure  throughout  its 


ON  THE  ORIGIN  OF  VEBTEBBATES.  569 

whole  thickness.  As  Gregenbaur  has  pointed  out,  the  chitinous 
layer  is  divisible  into  three  layers — an  internal,  middle,  and  exter- 
nal layer ;  and  he  has  described  the  di£ferences  in  appearance 
between  these  layers.  There  is  also  a  marked  difference  in  stain- 
ing reactions :  thus  the 


Thionln. 

Plcrocarmine 

Innermost  layer  itainB, 

•       •       • 

Purple. 

Bed. 

Uiddle  layer  stains,      . 

•       •       • 

Bine. 

Pink. 

Cater  layer  stains, 

•       •       • 

Not  at  all. 

YeUow. 

From  this  I  conclude  that  the  fii'st  formed  soft  layers  of  chitin 
show  evidence  of  a  body  allied  to  the  mucin  group,  while  the 
later  hard  chitin  is  so  altered  as  to  give  no  evidence  of  such  a 
reaction. 

Further,  I  have  examined  carefully  sections  through  the  ent- 
apophyses,  and  the  fibrous  muco-cartilaginous  tissue  close  against 
the  entapophysis,  and  have  failed  to  distinguish  any  layer  of 
chitinogenous  cells  differing  in  character  from  the  surrounding 
cells  which  distinctly  form  the  fibrous  tissue,  which  I  have  called 
muco-cartilage.  My  distinct  impression  at  present  is  that  this  muco- 
cartilaginous  tissue  may  be  looked  upon  as  formed  of  modified 
cells  belonging  to  the  chitinogenous  layer,  and  that,  therefore,  the 
whole  of  the  cartilage  of  the  entapophysial  ligament  and  of  the 
branchial  bars  may  be  considered  as  a  direct  derivation  from  the 
external  chitinogenous  layer  of  cella  At  the  same  time,  con- 
sidering the  number  of  muscular  attachments  to  the  entapophyses 
and  the  diflSculty  of  observing  the  chitinogenous  cell  layer  when 
it  is  obscured  by  the  invasion  of  the  fibrous  tissue  of  the  muscu- 
lar attachments,  I  do  not  feel  certain  as  to  the  interpretation 
of  my  specimens,  and  do  not  desire  to  say  more  than  that,  in  my 
opinion,  there  is  a  strong  probability  that  this  muco-cartilaginous 
tissue  owes  its  character  to  its  formation  from  altered  chitino- 
genous cells,  and  that,  therefore,  whether  the  nests  of  cells  which 
form  cartilage  in  this  tissue  are  chondroblasts  which  have  come 
from  without,  or  are  modified  cells  of  the  muco-cartilage  itself, 
the  cartilage  has  arisen  as  a  modification  of  chitin,  a  conclusion 
to  which  Gegenbaur  was  strongly  inclined  in  1858. 

On  the  chemical  side,  the  recent  observations  of  Sohmiedeberg  ^ 

*  Arehiv,  /.  exper.  Pathol,  u.  Pharmak.,  Bd.  28,  1891. 
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on  the  constitution  of  cartilage  point  directly  to  the  same  con- 
clusion, for  he  gives  strong  reasons  for  believing  that  cartili^ 
possesses  the  satne  fuhdimental  substance — vh,,  glykosamin — ^as 
chitin,  and  he  concludes  bis  obseVvations  m  the  following  words : — 

"  Thus,  by  means  of  glykosamin,  the  bridge  is  formed  which  connects 
together  the  chitin  of  th(^  low^r  animals  with  the  cartilage  of  the 
more  highly  organised  creations." 

I  come,  then,  to  the  conclusion  that*  the  cartilaginous  internal 
branchial  portion  of  the  skeleton  of  Vfert^brtftes  arose,  as  in 
limulds,  from  an  external  chitinous  skeleton,  by  the  alteration 
of  chitinbiis  ingrowths  in  connection  with  a  series  of  branchial 
appendagea  In  this  way  the  cartilaginous  branchial  bars  and 
axial  sub-chordal  rods  of  Ammocoetes  arose. 

On  the  Origin  of  the  Hard  Cartilage  of  the  Basi-cranial 

Skeleton  of  Ammocoetes. 

So  far,  I  have  discussed  the  origin  only  of  one  kind  of  cartilage 
found  in  Ammocoetes,  viz.,  that  which  Parker  called  soft  cartilage, 
in  contradistinction  to  the  cartilage  of  the  auditory  capsules  and 
trabeculse,  which  he  termed  hard  cartilage.  The  history  of  the 
vertebrate  cartilaginous  skeleton  cannot  be  considered  complete 
until  the  genesis  of  this  hard  cartilage,  and  especially  of  the 
basal  trabeculie,  has  been  explained,  as  well  as  the  origin  of  the 
branchial  cartilagea 

We  see  that  the  structure  of  this  hard  cartilage  of  the  trabectilae 
and  auditory  capsules  resembles  that  of  the  soft,  in  so  far  that  it 
Consists  of  large  cells  with  a  comparatively  small  amount  of  inter- 
cellular substance.  Schaffer,  who  has  described  it  lately,  considers 
that  it  is  a  nearer  approach  to  hyaline  cartilage  than  the  soft,  but 
ye^  cannot  be  called  hyaline  cartilage  in  the  usual  sense  of  the 
term.  Its  peculiarities  and  its  differences  from  the  soft  are  espe- 
cially well  seen  by  its  staining  reactions.  Perhaps  the  most 
striking  differences  between  the  two  kinds  are  to  be  found  in 
their  reactions  to  different  dyea  I  myself  have  been  particularly 
struck  with  the  effect  of  picrocarmine  or  combined  heematoxy- 
lin  and  picric  acid  staining:  in  the  case  of  the  soft  cartilage, 
the  capsular  substance  stains- respectively  a  brilliant  red  or  blue, 
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ivhile  that  of  the  hard'<»rtilage  is'  (k)loured  a  deep  yeUdW/Sd 
that  the  junction  between  trabeculae  and  branchial  cartilage^  ife 
beautifully  marked  out.  Then,  again,  with  thionin,  which  givefe 
SO  marked  a  reaction  in  the  case  of  the  soft  cartilage,  thef  hatd 
cartilage  of  the  auditory  capsule  is  liot  stained  at  all,  and  in  the 
trabeculae  the  deep  purple  colour  is  confined  to  the  mucoid  cemefft 
substance  between  the  capsules,  jtist'  as  Scht^ffer  has  Stated.  {Cf, 
•fig/  5;  PLrXITLi  taken  from  Schaffer.)  The  same  hind  of' t«- 
'actdons  have  been  given  by  Sdiaffer:  thus  by  double  staining 
with  hsemalum-eoeln  the  hoard  cartilage  staiils  red,  the'doft  blue; 
and  he  points '  out  that  even' with  over-stainirig  by  bsemalum 
the^auditiory  capsule' remains  colourless,  just  as  I  have  noticed 
with  thionin/'  He  infers,  precisely  as  I  have  doiije  from'  the 
thionih  reaction,  that  chondro-mucoid,  which  is  so  ttiarked  a 
constituent  of  the  soft  cartilage  and  of  the  muco-e'artilage,  is 
absent,  or  present  in  slight  quantities,  in  the  hard  cartilage. 
Similarly,  he  points  out  that  double  staining  with  tropcfeolin- 
methylviolet  stains  the  hard  cartilage  a  bright  orange  coloui;, 
and  the  soft  cartilage  a  violet. 

The  evidence,  then,  shows  clearly  that  a  marked  chemical 
difference  exists  between  these  two  cartilages,  which,  may  be 
expressed  by  saying  that  the  one  contains  yery  largely  a  baso- 
phil substance,  which  we  may  speak  of  as  belonging  to  the 
class  of  chondro-mucoid,  while  the  other  contains  mainly  an 
oxyphil  substance,  probably  a  chondro-gelatine  substahce. 

We  may  perhaps  go  further,  and  attriUute  this  difference  of 
composition  to  a  difterence  of  origin;  for  we  see;  that,  whereas 
the  soft  cartilage  is  invariably  forijied  in  a  special  tissue,  the 
muco-cartilage,  which  shows  by  its  reaction  how  largely  it  is 
composed  of  a  mucoid  substance,  the  hard  cartilage  is  certainly 
in  the  case  of  the  cartilage  of  the  cranium,  where  its  origin 
has  been  clearly  made  out,  formed  in  the  membranous  tissue 
5f  the  cranium  of  Ammocoetes — i.e,,  in  a  tissue  which  stains 
-light  blue  with  thionin,  and  contains  in^all  probability  a  gela- 
tinous rather  than  a  mucoid  substratum. 

This  best  opportunity  of  finding  out  the  mode  of  origin  of 
the  hard  cartilage  .is  afforded,  at  the  time  of  transformation, 
when  so  much  of  thi8,kin(3,,GfrCartilfige  ii^  foriped  anew.  Un- 
fortunately, it  is  very  difiicult  to  obtain  the  early  .transformation 
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stages,  consequently  we  can&ot  be  said  to  possess  any  really 
exhaustive  and  definite  account  of  how  the  new  cartilages  are 
formed.  Bujdr,^  Kaensche,*  and  Schaflfer*  all  profess  to  give  a 
more  or  less  definite  account  of  their  formation,  and  the  one 
striking  impression  left  on  the  mind  of  the  reader  is  how  they 
vary. 

In  one  point  only  are  they  agreed,  and  in  that  I  also  agree 
with  them,  viz.,  the  manner  in  which  the  new  cranial  walk 
are  formed.  Schaffer  describes  the  process  as  the  invasion  of 
chondroblasts  into  the  homc^neous  fibrous  tissue  of  the  cranial 
walla.  Such  chondroblasts  not  only  form  the  cartilaginous  frame- 
work, but  also  assimilate  the  fibrous  tissue  which  they  invade,  so 
that  finally  all  that  remains  of  the  original  fibrous  matrix  in 
which  the  cartilage  was  formed  are  these  lines  of  cement  substance 
between  the  groups  of  cartilage  cells  which,  containing  some  baso- 
phil  material,  are  marked  out,  as  shown  in  fig.  5,  PL  XIII. 

We  may  therefore  conclude,  from  the  investigation  of  Ammo- 
coetes,  that  the  basi-cranial  skeleton  arose  as  two  trabecular 
bars,  to  which  muscles  were  attached,  situated  bilaterally  with 
respect  to  the  central  nervous  system.  These  bars  were  composed 
of  tendinous  material,  with  a  gelatinous  rather  than  a  mucoid 
substratum,  in  which  nests  of  cartilage^lls  were  formed,  the 
cartilaginous  material  formed  by  these  cells  being  of  the  hard 
variety,  not  staining  with  thionin,  and  staining  yellow  with  picro- 
carmine,  etc.  By  the  increase  of  such  nests  and  the  assimila- 
tion of  the  intermediate  fibrous  material,  the  original  fibro- 
cartilage  was  converted  into  the  close-set  semi-hyaline  cartilage 
of  the  trabeculse  and  auditory  capsules,  in  which  the  fibrous  mate- 
rial still  marks  out  by  its  staining  reaction  the  limits  of  the  cell 
clusters. 

Such  I  gather  to  be  Schaffer's  conclusions,  and  they  are  oer* 
tainly  borne  out  by  my  own  and  Miss  Alcock's  observations. 
As  far  as  we  have  had  an  opportunity  of  observing  at  present,  the 
first  process  at  transformation  appears  to  consist  of  the  invasiou 

^  Hevue  hiologiqtu  du  Nord  de  la  France,  vol.  iii, ,  1891. 
^  Schntider't  BcUrage,  vol.  ii.  p.  219,  1890. 
•  Op.  cU. 
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of  the  fibrous  tissue  of  the  cranial  wall  by  groups  of  cells  which 
form  nests  of  cells  between  the  fibrous  strands.  These  nests  of 
cells  form  round  themselves  capsular  material,  and  thus  form  cell 
territories  of  cartilage,  which  squeeze  out  and  assimilate  the  sur- 
rounding fibrous  tissue,  until  at  last  all  that  remains  of  the  original 
fibrous  matrix  are  the  lines  of  cement  substance  which  mark  out 
the  limits  of  the  various  cell  groups. 

At  present  I  am  inclined  to  think  that  both  soft  and  hard 
cartilage  originate  in  a  very  similar  manner,  viz.,  by  the  forma- 
tion of  capsular  material  around  the  invading  chondroblasts,  and 
that  the  diffiBrence  in  the  resulting  cartilage  is  mainly  due  to 
the  difference  in  chemical  composition  of  the  matrix  of  the 
connective  tissue  which  is  invaded.  Thus  the  difference  may  be 
formulated  as  follows : — 

The  hard  cartilage  is  formed  by  the  invasion  of  chondroblasts 
into  a  fibrous  tissue,  which  contains  a  gelatinous  rather  than  a 
mucoid  substratum,  in  contradistinction  to  the  soft  cartilage  which 
is  formed  probably  also  by  the  invasion  of  chondroblasts,  in  a 
tissue,  the  muco-cartilage,  which  contains  a  specially  mucoid 
substratum. 

On  ths  Hard  Cartilage  of  Limulus. 

The  origin,  then,  of  the  basi-cranial  cartilaginous  framework  of 
Ammocoetes  resolves  itself  into  this  question — Is  there  any 
peculiar  tissue  of  a  cartilaginous  nature  in  Limulus  and  its 
allies,  situated  in  the  prosomatic  r^on,  which  is  entirely 
separate  from  the  branchial  cartilaginous  skeleton,  which  acts 
as  a  supporting  internal  framework,  and  contains  a  gelatinous 
rather  than  a  mucoid  substratum? 

It  is  a  striking  ftict,  common  to  the  whole  of  the  group  of 
animals  to  which  our  inquiries,  deduced  from  the  consideration 
of  the  structure  of  Ammocoetes,  have  in  every  case  led  us  in 
our  search  for  the  vertebrate  ancestor,  that  they  do  possess  a 
remarkable  internal  semi-cartilaginous  skeleton  in  the  proso- 
matic region,  which  gives  support  to  a  large  number  of  the 
muscles  of  that  region,  whi<;h  is  entirely  independent  of  the 
branchial  skeleton,  and  markedly  differs  in  its  chemical  reactions 
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from  that  cartilage,  in  that  it  contains  a  gelatinous  ra^6r  th&n  a 
mucoid  substratum. 

This  striking  internal  prosomatic  skeleton  is  known  by  the 
name  of  the  entosternite  or  plasti*ou ;  and,  except  in  Limulus, 
the  scorpions,  and  whole  arachnid  gi:Oup,  is  found,  significantly 
enough,  only  in  Apus. 

The  meaning  of  the  entosternite  has  been  discussed  by  Schim- 
ki^witsch,^  especially  in  connection  With  the  entosternite  of  the 
Thelyphonid«e,  based  partly  on  his  own  observations,  partly  on 
those  of  Tarnani*  I  myself  have  examined  tliis  organ  in 
Hypodoniis'  foriii/io$m,  and  in  young  and  old  specimens  of 
I'helypho^wB  cauddtua. 


Fio.  7.— A,  Entosternite  of  Limulua ;  B,  Entosternite  of  Thelyphonus ;  Ph, 

Position  of  pharynx. 

Very  different  is  the  entosternite  of  the  Thelyphonidae  from 
that  of  limulus  or  the  scorpions :  whereas  the  latter  consists  of  a 
massive  plate  which  lies  between  the  infra-oesophageal  ganglia  and 
the  gut  (fig.  7i  A),  the  former  consists,  as  Schimkdwitsch  describes 
it,  of  two  lateral  trabeculse,  crossed  by  three  transverse  trabecule, 
so  that  the  appearance  of  the  entosternite  of  TJielyphonus 
is  represented  in  the  fig.  7,  B,  in  contradistinction  to  that  of 
limulus,  fig.  7,  A.     The  entoeternites  of  Hypoctowus  formosm  and 

^  "  Snr  la  structure  qt  sur  U  siguification  de  TEndosternite  des  Arachnides,** 
Zool.  Ameig.,  1893,  p.  800. 
:  '  Bepuedes  Scien-es  NaiarelUB,  Petershourg,  1890,  p.  215. 


ON  THE  ORIGIN  OF  VEBTEBRATES.  675 

TheljfpKonus  aiudcUua  cio^Qly  resemble  ibis  figure,  and  in  all 
we  see  that  the  transverse  trabecula  a,  which  is  neai*est  to  the 
place  where  the  oeisophagus  passes  out  of  the  conjoined  mass  of 
the  supra-  and  infra-oesophageal  ganglia,  is  very  thin  \  that  then 
there  is  a  long  space  below  which  the  infra-oesophageal  ganglia 
is  Ijing,  before  the  next  transverse  trabecula  ia  reached,  so  tdiat 
the  greater  portioiii  of  the  entosternite  is  formed  of  two  lateral 
trabeculse,  the  transverse  trabeculse  being  mostly  at  the  posterior 
part 

Naturally,  no  part  of  the  entosternite  lies  between  the  infra- 
oesophageal  ganglia  and  all  that  part  of  the  intestine  which  is 
completely  enclosed  by  the  nervous  system,  and  indeed  the  first 
transverse  trabecula  which  roofs  the  nervous  system  is  found 
some  little  distance  beyond  the  termination  of  the  supra-oeso- 
phageal  ganglion  mass.  The  anterior  horns,  then,,  of  the  trabecular 
lie  laterally  and  slightly  ventral  to  the  central  nervous  system,  and 
are  called  by  Lankester  and  Benham  the  sub-neural  portion  of  the 
entosternite ;  and  it  is  easy  to  see  that,  with  a  more  extensive 
growth  of  the  nervous  material  dorsally,  such  lateral  horns  might 
be  caused  to  take  a  still  more  ventral  position.  Judging,  then, 
from  the  entosternite  of  Thelyphonus,  it  is  not  difficult  to  sup- 
pose that  a  continuation  of  the  same  growth  of  the  brain  region 
of  the  central  nervous  system  would  cause  the  entosternite  to  be 
separated  into  two  lateral  trabeculae,  which  would  then  take  up 
the  ventro-lateral  position  of  the  two  trabeculse  of  Ammococtes. 

On  the  other  hand,  it  might  be  that  two  lateral  trabeculae, 
similar  to  those  of  Thelyphonus,  and  situated  on  each  side  of 
the  central  nervous  system,  were  the  original  form  from  which, 
by  the  addition  of  transverse  fibres  running  between  the  gut 
and  nervous  system,  the  entosternite  of  Thelyphonus  and  of  the 
scorpions,  etc.,  were  formed.  From  an  extensive  consideration  of 
the  entosternite  in  ditTerent  animals,  Schimk^witsch  has  come  to 
the  conclusion  that  this  latter  explanation  is  the  true  one.  He 
points  out  that  the  lateral  trabeculae  can  be  distinguished  from 
the  transvierse  by  tiieir  structure  being  much  more  cellular,  less 
fibrous,  and  the  cell  cavities  more  rounded,  or,  as  I  should  express 
it,  the  two  lateral  trabeculae  are  more  cartilaginous,  while  the 
transverse  are  more  fibroua  Schimkl^witsch,  from  observations 
of  structure  and  from  embiT^ologiCal  investigations,  comes  to  the 
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conclusion  that  the  entosternite  was  originally  composed  of  two 
parts : — 

1.  A  transverse  muscle  corresponding  to  the  adductor  muscle 
of  the  shell  of  certain  crustaceans,  such  as  Nebalia. 

2.  A  pair  of  longitudinal  mesodermic  tendons,  which  may  have 
originally  been  formed  out  of  a  number  of  segmentally  arranged 
mesodermic  tendons,  and  are  crossed  by  the  fibrils  of  the  trans* 
verse  muscular  bundles. 

These  paired  tendons  of  the  entosternite  he  considers  to  corre- 
spond to  the  intermuscular  tendons,  situated  lengthways,  which 
are  found  in  the  ventral  longitudinal  muscles  of  most  arthro* 
pods. 

It  is  clear  from  these  observations  of  Schimk^witsch  that  the 
essential  part  of  the  entosternite  consists  of  two  lateral  tra- 
becule, which  were  originally  tendinous  in  nature,  and  have 
become  of  the  nature  of  cartilaginous  tissue  by  the  increase  of 
cellular  elements  in  the  matrix  of  the  tissue:  these  two  tra- 
beculse  function  as  supports  for  the  attachment  of  muscles,  which 
are  especially  attached  at  certain  places.  At  these  places  trans- 
verse fibres  belonging  to  some  of  the  muscular  attachments  cross 
between  the  two  longitudinal  trabeculse,  and  so  form  the  trans- 
verse trabeculse. 

In  this  tissue,  according  to  the  observations  of  Bay  Lankester, 
we  see  cartilage  beginning  to  form.  In  his  paper  he  gives 
pictures  of  the  structure  of  the  entosternite,  showing  its  resem- 
blance to  a  fibro-cartilage.  The  striking  characteristics  are  tiie 
nests  of  cells  in  between  the  fibrous  tissue.  Lankester  does  not 
differentiate  the  different  parts  of  this  tissue  by  any  micro- 
chemical  staining  reactions,  but  simply  says  that  Schafer  examined 
it  chemically  for  him,  and  found  in  it  mucin,  and  on  purely 
negative  evidence,  chitin  ;  he  also  says  that  it  does  not  contain 
gelatine  or  chondrin.  In  a  foot-note  Schafer  is  more  cautious, 
and  explains  that  the  only  positive  result  of  his  examination  was 
the  presence  of  mucin. 

In  order  to  make  up  my  mind  as  to  the  nature  of  the  ento- 
sternite, I  tried,  in  the  first  instance,  the  action  of  thionin,  and 
found,  in  striking  contrast  to  the  branchial  cartilages  or  the 
muco-cartil^,  that  it  took  no  purple  stain,  but  only  a  pale  blue 
tint,  with  the  very  slightest  tinge  of  purple.     The  same  reac- 
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lion  was  seen  with  the  entosternite  of  Thelyphonus  as  with  that 
of  limulus,  and  in  both  cases  the  appearance  closely  resembled 
that  seen  in  sections  of  ordinary  tendon  of  any  of  the  higher 
vertebrates.  Gelatinous  tissues  give  a  great  contrast  to  mucoid 
tissues  in  their  staining  reaction  with  thionin,  and  lead  distinctly 
to  the  conclusion  that  cartilages^  the  matrix  of  which  stains  only 
a  light  blue  colour  with  thionin,  in  which,  therefore,  there  is  no 
real  stainiag  reaction,  possess  a  gelatinous  rather  than  a  mucoid 
substratum.  So  clear  was  the  contrast  between  the  thionin 
staining  of  the  branchial  cartilages  and  the  entosternite  cartilage 
that  I  felt  sure  a  similar  reaction  would  be  manifested  by  picro- 
carmine,  or  by  haematoxylin  and  picric  acid. 

Most  striking  is  the  effect  of  staining  the  entosternite  of 
Hypoctonus  with  haematoxylin  and  picric  acid.  In  this  tissue, 
especially,  as  already  mentioned,  in  the  two  lateral  trabeculae,  nests 
of  cartilage  cells  are  found,  as  is  seen  in  fig.  6,  PI.  XIII.  Each  of 
these  cells  fornis  around  itself  a  mass  of  translucent  colloid-look- 
ing material,  which  stains  intensely  yellow  with  the  picric  acid, 
while  the  fibres  between  these  cell  nests  stain  a  blue-brown 
colour,  partly  from  haemotoxylin,  partly  from  the  picric  acid. 
Where  these  nests  are  thickly  congregated  the  fibrous  material 
l»etween  them  is  thinned  down  to  mere  threads,  as  is  seen  in  the 
figure.  Here  and  there  single  cells  surrounded  by  the  same  sub- 
stance are  seen. 

A  similar  appearance  is  described  in  Mygale  by  Ray  Ixinkester, 
and  there  it  is  interesting  to  note  that  these  peculiar  cell  nests, 
with  their  colloid  material,  are  confined,  according  to  him,  to  the 
lateral  portions  of  the  entosternite.  So  also  we  see  in  the  ento- 
sternite of  Limulus,  of  Scorpio,  etc.,  that  the  original  lateral  trabe- 
cul»  are  conspicuous  as  two  lateral  thickened  bars  iu  its  fibrous 
tissue. 

I  conclude,  therefore,  from  the  whole  evidence,  that  the  ento- 
sternite of  Limulus,  etc.  arose  as  two  trabecular  bars,  to  which 
muscles  were  attached,  situated  bilaterally  with  respect  to  the 
central  nervous  system.  These  bars  formed  two  mesodermio 
longitudinal  tendons,  composed  probably  of  a  number  of  tendons 
originally  arranged  metamerically,  with  a  gelatinous  rather  than 
a   mucoid  substratum,  in  which   nests  of  cartilage  cells  were 
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formed,  the  cartilaginous  material  formed  by  these  cells  being  of 
the  hard  variety,  not  staining  with  thionin,  and  staining  yellow 
with  picrocarmine,  etc. 

Further,  a  marked  contrast  exists  between  these  two  cartilag- 
inous structures  with  respect  to  their  chemical  analysis. 

Owing  to  the  kindness  of  Dr  F.  Lee  of  Columbia  College,  I 
had  at  my  disposal  a  considerable  number  of  living  examples  of 
Zimulus  Polyphemus.  Gregenbaur's  investigations  into  the  chem- 
ical nature  of  the  Limulus  cartilage,  and  also,  I  imagine,  Schafer's 
investigation  into  the  chemistry  of  the  entosternite,  were  made  on 
alcohol  specimens,  so  that  the  solubility  of  the  tissues  in  various 
reagents  was  almost  certainly  different  from  their  solubility  in  the 
fresh  condition.  I  have  made  use  of  the  tissues  absolutely  fresh, 
taken  out  of  the  living  animal;  and  in  a  large  Limulus  the 
entosternite  on  the  one  hand,  and  the  mass  of  the  branchial 
cartilages  on  the  other,  give  a  very  sufficient  amount  of  material 
for  analysis.  This  material  was  put  into  the  hands  of  Mr  Eich- 
holtz,  and  the  following  is  his  report  on  the  constitution  of  these 
two"  tissues. 

Experiments  with  the  Entosternite, 

1.  Tbo  entosternite  was  carefully  scraped  and  washed  free  from 
muscle  and  glandular  matter,  and  cut  into  thin  strips.  The  finely 
divided  material  was  thymolised  and  immersed  in  baryta  water  for 
four  days  to  extract  any  mucin  if  possible.  After  this  time  the  liquid 
was  poured  off  and  filtered,  and  tested  with  dilute  acetic  acid.  It 
was  impossible  to  discover  anything  more  than  the  merest  traces  of 
any  precipitation,  indicating  that  mucin,  if  present,  is  present  only 
as  a  trace. 

The  solution  treated  with  a  dilute  tliionin  solution  (which  changes 
from  violet  blue  to  purple  pink  in  presence  of  mucin)  equally  indi- 
cated the  absence  of  mucin. 

2.  In  a  second  experiment  the  entosternite  was  again  cleansed  and 
finely  divided.  It  was  now  boiled  for  one  hour  under  a  condenser 
with  distilled  water,  when  vnost  of  it  went  into  solution,  a  small 
amount  of  insoluble  residue  remaining  behind.  The  solution  waa 
filtered  oft*,  and  gave  the  following  clear  indications  of  the  presence  of 
gelatine  : — 

(a)  It  precipitated  with  corrosive  sublimate  solution. 
{b)  It  precipitated  with  tannic  acid. 
(r)  It  gave  no  reaction  with  Millon's  reagent. 
(<f)  There  was  a  very  faint,   almost  imperceptible  xanthoproteic 
reaction. 
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(«)  There  was  no  biuret  reaction. 
So  that  the  water  and  baryta  extracts  lead  one  to  the  conclusion  that 
the  Entosternito  belongs  to  the  connective  tissues ;  and  from  the 
small  traces  of  mucin  found,  compared  with  the  large  amount  of 
gelatine,  one  is  inclined  to  classify  it  with  the  white  fibrous  connec- 
tive tissues. 


Expei'tment  icith  tJte  Branchial  Cartilage, 

The  pieces  of  branchial  cartilage  were  cleansed  from'  adherent 
tissue,  washed,  and  divided  into  small  pieces.  The  material  was  then 
immersed  in  baryta  water,  a  few  drops  of  thymol  added,  and  left 
for  four  days.  The  liquid  was  now  poured  ofif  and  filtered.  On 
careful  addition  of  acetic  acid,  a  copious  white  precipitate  was  formed, 
soluble  in  alkali.  The  liquid  reacted  characteristically  with  dilute 
thionin  solution,  changing  from  violet  to  bright  purplish  pink.  These 
two  reactions  together  point  conclusively  to  the  presence  of  mucin. 

The  residue  insoluble  in  baryta  was  washed  from  baryta,  and  boiled 
for  half  an  hour  in  water  under  a  condenser,  when  it  mostly  dissolved, 
leaving  a  slight  powdery  white  residue.  On  cooling,  a  jelly-like  film 
formed  on  the  sides  of  the  ilask,  indicating  that  gelatin  had  been 
dissolved  by  the  boiling.  The  presence  of  a  material  in  these  bodies 
yielding  both  mucin  and  gelatin  points  conclusively  to  its  carlilaginotLS 
nature. 

In  either  case  the  chemical  record  agrees  with  the  physical 
properties  of  the  tissue,  for  the  entosternite  is  a  tough  membranous 
plate,  and  the  branchial  cartilages  are  much  more  rigid  and  friable  in 
nature. 

It  is  perfectly  clear  irom  this  report  by  Eichholtz  that  the  main 
substance  in  the  branchial  cartilages  is  of  a  mucoid  nature,  to 
which  a  small  amount  of  a  gelatinous  substance  must  be  added : 
doubtless,  some  of  this  gelatinous  filni  observed  must  be  attributed 
to  the  fibrous  perichondrial  layer  which  surrounds  each  cartilag- 
inous bar. 

Equally  clear  is  it  that  the  main  substance  in  the  entosternite 
is  of  a  gelatinous  nature,  and  that  mucin  is  present  only  as  a 
trace, — exactly  the  reverse  of  Lankester's  statement.  In  both 
cases  there  is  some  insoluble  residue,  but  there  is  at  present  not 
suflBcient  evidence  to  say  whether  such  residue  contains  chitin. 
Most  certainly  it  is  impossible  to  say  that  the  entosternite  is 
composed  of  chitin  and  mucin,  as  Lankester  does :  it  is  a  markedly 
gelatinous  tissue,  like  vertebrate  tendon,  containing  a  trace  of 
mucin,  and  that  is  all  that  can  be  said  at  present. 

We  see,  then,  in  Limulus  and  the  scorpion  groups  the  com- 
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mencement  of  the  formation  of  an  internal  skeleton  in  two 
directions: — 

1.  The  formation  of  soft  cartilage  in  a  special  mucoid  tissue — 
muco-cartilage,  derived  apparently  from  the  modification  of  chitin 
forming  cells. 

2.  The  formation  of  hard  cartilage  in  collagenous  tissue,  which 
formed  originally  the  tendons  of  musclea 

Further,  it  is  a  striking  fact  that  these  two  kinds  of  cartilage 
form  respectively  (1)  a  branchial  skeleton,  which  is  confined  to  the 
mesosomatic  region;  (2)  the  supporting  skeleton  of  the  ento- 
sternite,  which  is  confined  to  the  prosomatic  region. 

Such,  then,  appears  to  me  to  be  the  reason  why  the  branchial 
or  mesosomatic  skeleton  of  Ammocoetes  is  formed  of  soft  cartilage, 
while  the  basi-crauial  or  prosomatic  trabecute  are  formed  of  hard 
cartilage ;  why  these  two  primitive  skeletal  parts  are  formed  in- 
dependently of  each  other,  because  they  are  the  direct  descendants 
of  the  branchial  and  entosternite  cartilaginous  skeletons  of  the  in- 
vertebrate ancestor  of  the  Ammocates.  I  will  not  here  discuss  the 
question  whether  the  auditory  capsules  and  the  parachordals  arose 
separately  from  the  trabeculae,  but  will  leave  the  consideration  of 
that  question  to  the  chapter  on  the  origin  of  the  auditory 
apparatus.  The  study  of  the  cartilaginous  structures  of  the 
Ammocoetes,  in  the  light  of  my  working  hypothesis,  has  led  to  a 
perfectly  harmonious  and  simple  explanation  of  the  way  in  which 
the  external  skeleton  of  the  invertebrate  became  converted  iato 
the  internal  skeleton  of  the  vertebrate,  and  gives  us  another  fixed 
point  from  which  to  make  further  comparisons  between  the  head 
region  of  the  two  groups  of  animals,  such  as  will  be  elucidated  in 
the  forthcoming  chaptera  The  further  evolution  of  the  vertebrate 
skeleton,  as  seen  in  the  formation  of  the  various  cartilaginous 
structures  at  transformation,  I  will  leave  to  a  subsequent  paper ; 
for  although  I  have  examined  the  transforming  animal,  for  this 
express  purpose,  for  some  years  past,  I  have  not  been  able  to 
obtain  a  sufficient  series  of  the  stages  of  transformation  to  enable 
me  to  make  up  my  mind  on  the  nature  of  the  steps  by  wliich  the 
new  cartilage  is  formed  in  all  cases. 

Such,  then,  in  accordance  with  my  hypothesis,  is  the  manner 
in  which  the  vertebrate  skeleton  arose.  We  see  further  that  such 
origin  is  in  agreement  with  the  six  principles  laid  down  ;  for — 
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1  and  2.  The  variations  by  which  the  internal  cartilaginous 
skeleton  is  formed  in  the  group  of  Limulus  and  the  scorpions  is 
in  absolute  accord  with  the  method  of  formation  in  Ammocoetes. 

3.  The  function  of  this  primitive  vertebrate  skeleton  is  a 
direct  continuation  of  its  function  in  the  invertebrate  ancestor. 

4.  The  muco-cartilage,  which  from  its  disappearance  at  trans- 
formation and  its  absence  in  the  higher  vertebrates  may  be 
classed  among  the  rudimentary  tissues,  is  found  as  a  most  impor- 
tant constituent  in  Limulus. 

6.  Here  also  embryology  shows  us  most  clearly  how  that  skeleton 
arises,  and,  as  explained,  is  in  absolute  accord  with  my  hypothesis. 
One  difficulty  only  exists  of  the  same  character  as  already  ex- 
plained in  Part  I.,  dealing  with  the  central  nervous  system, 
viz.,  that  the  cartilaginous  vertebrate  skeleton  is  derived  from 
mesoblast,  while  the  chitinous  ingrowths  and  their  modifications, 
from  which,  apparently,  the  branchial  skeleton  of  Limulus  arises, 
must  be  looked  upon  as  epiblastic  formations  Although  I 
consider  the  germ  layer  theory  to  be  at  the  present  time  in  a 
state  of  chaos,  and  therefore  that  it  is  not  advisable  to  lay  any 
great  stress  on  arguments  derived  from  the  origin  of  a  tissue  from 
this  or  that  layer,  yet  it  is  worth  while  pointing  out  that  Kuppfer, 
in  his  most  recent  paper,  asserts  most  definitely  that  the  branchial 
cartilages  in  Ammocoetes  are  not  mesoblastic,  but  are  epiblastic 
in  origin. 


DESCRIPTION  OF  PLATE  XIIL 

Fig.  1.  Portion  of  branchial  cartHage  of  Ammocoetes,  with  its  peri- 
chondrium ;  stained  with  thionin. 

Fig.  2.  Portion  of  branchial  cartilage  of  Limulus,  with  its  peri- 
chondrium ;  Btained  with  thionin. 

Fig.  3.  Muco-cartilage  of  Ammocoetes,  with  cartilage  of  extra-hyal 
forming  in  it ;  stained  with  thionin. 

Fig.  4.  Muco-cartilage  of  cntapophysial  ligament  of  Limulus,  with 
cartilage  forming  in  it ;  stained  with  thionin. 

Fig.  5.  Cartilage  of  trabeculse  of  Ammocoetes  (after  Schaffer,  loc, 
ciLf  Taf.  xxvii.'fig.  7);  stained  with  haematoxylin  and  picric  acid. 

Fig.  6.  Nests  of  cartilage  cells  in  entosternite  of  Hypoctonus; 
stained  with  hematoxylin  and  picric  acid. 


THE  GENITO-URINARY  ORGANS  OF  THE  FEMALE 
INDIAN  ELEPHANT.i  By  A.  M.  Paterson,  M.D., 
Professor  of  Anaiomy,  University  College,  Liverpool;  and 
K  C.  Dun,  M.B.,  Demonstrato7\     (Plates  XIV.,  XV.) 

The  elephant  which  forms  the  subject  of  this  memoir  was 
poisoned  by  aconitine  at  Aintree,  near  Liverpool,  on  May  8th, 
1897.  For  the  body  we  are  indebted  to  Mr  Cross,  of  Liverpool, 
from  whose  menagerie  the  animal  had  escaped  in  a  state  of  frenzy. 
She  weighed  3  ton  12  cwt.,  and  measured  over  9  feet  at  the 
shoulder.  Although  stated  to  be  twenty  years  old,  the  con- 
dition of  the  skeleton  shows  that  she  had  not  attained  her  full 
growth. 

I.  Urinary  Organs. 

1.  The  Kidneys  are  of  equal  size,  and  are  generally  oval  in 
form,  measuring  15  ins.  in  length  and  10^  ins.  in  breadth.  The 
left  kidney  weighs  6f ,  the  right  5|  lbs.  Each  presents  a  smooth, 
rounded  dorsal  surface,  and  a  lobulated  ventral  surface,  with  the 
hilum  situated  about  its  middle.  The  mesial  border  of  the 
]rft  kidney  (fig.  12)  has  two  notches  upon  it,  continued  into  clefts 
which  extend  to  the  hilum.  The  mesial  border  of  the  right 
kidney  shows  three  notches  which  reach  the  hilum.  The 
lateral  border  of  the  left  kidney  presents  no  indentation,  but  in 
the  right  a  slight  notch  is  found  towards  the  lower  part.  The 
hilum  (fig.  12)  is  situated  upon  the  ventral  surface,  forming  a 
large  shallow  space  with  an  irregular  margin,  due  to  the  projection 
of  the  surrounding  lobules.  It  contains  the  branches  of  the  ureter, 
renal  artery,  and  vein.  The  lobules  are  present  only  upon  the 
ventral  surface.  They  are  imperfectly  separated  by  notches 
upon  the  borders  of  the  kidneys,  and  round  the  margins  of  the 
hilum,  and  by  clefts  traversing  the  ventral  surface.  The  left 
kidney  presents  six  lobes  (fig.  12),  which  are  named  from  their 
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}K)8itioh — superior  (1),  anterior  superior  (2),  anterior  inferior  (3), 
inferior  (4  and  5),  posterior  inferior  (6),  posterior  superior  (7). 

The  right  kidney  has  seven  lobes — superior  (1),  anterior  (2), 
anterior  inferior  (3),  inferior  (4),  posterior  inferior  (5),  postero- 
median (6),  posterior  superior  (7). 

The  inferior  and  posterior  inferior  lobes  of  the  right 
kidney  are  indistinctly  separated  from  each  other  by  a  notch  at 
the  margin  of  the  hilum,  and  together  represent  the  inferior  lobe 
(4  and  5)  of  the  left  side.  The  papillae  opening  into  the  calices 
numbered  twenty-three  on  the  right  side  and  twenty-seven  on 
the  left.  The  number  in  relation  to  the  individual  lobes  varies 
from  two  to  six. 

Vessels  at  the  Hilum. — The  left  renal  artery  (fig.  12. 
Art)  divides  into  two  main  parts,  anterior  and  posterior. 
From  these,  numerous  smaller  branches  are  irregularly  distributed 
to  the  various  lobea  The  right  artery  at  the  hilum  gives 
oft*  three  main  branches,  which  are  further  subdivided  into 
smaller  branches  distributed  to  the  lobes.  The  arterial  branches 
at  the  hilum  first  occupy  a  position  external  to  the  branches  of 
the  ureter  and  veins,  but  are  subsequently  placed  between  the 
veins  externally  and  the  ureters  internally.  In  the  interval 
between  the  inferior  and  posterior  inferior  lobes  of  the 
right  kidney,  a  small  artery,  whose  source  was  not  ascertained, 
pierces  the  ventral  surface  of  the  kidney  midway  between 
the  circumference  and  the  hilum.  The  renal  veins  (fig. 
12,  V.)  in  their  general  arrangement  correspond  with  the 
arteries,  several  branches  passing  from  each  lobe.  They  emerge 
nearer  the  centre  of  the  hilum  than  the  arteries  and  ureters,  but 
as  the  larger  branches  are  formed,  they  lie  outside  these  strue- 
ture& 

2.  The  Ureters. — The  left  ureter  (fig.  12,  Ur.)  is  formed  at  the 
hilum  by  two  main  branches,  superior  and  inferior.  The 
superior  division  receives  three  smaller  branches  connected 
with  the  superior  anterior  superior  and  posterior  superior 
lobes.  The  inferior  division  is  also  formed  by  three 
branches  coming  from  the  anterior  inferior,  posterior  in- 
ferior, and  inferior  lobes.  The  right  ureter  is  similarly 
formed  by  the  union  of  superior  and  inferior  branches.  The 
superior  branch  is  connected  with  the  anterior  superior,  superior, 
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posterior  superior,  and  postero-median  lobes ;  the  inferior  brancli 
with  the  anterior  inferior,  inferior,  and  posterior  inferior  lobes. 
The  relations  of  the  branches  of  the  ureter  to  the  other  struc- 
tures at  the  hikim  are  similar  on  both  sides.  As  they  emerge 
from  the  hilum  they  occupy  a  position  intermediate  between  the 
arteries  and  veins,  but  as  the  larger  branches  are  formed,  they 
lie  mesial  to  both  these  structures. 

The  ureters  begin  opposite  the  site  of  the  ovary,  at  the  base  of 
the  broad  ligamept,  and  extend  along  the  line  of  its  attachment 
(fig.  7,  Ur.).  They  pass  on  either  side  of  the  rectum  and  uterus, 
and  end  at  the  side  of  the  base  of  the  bladder,  separated  from 
each  other  by  a  distance  of  4^  inches.  The  ureters  are  accom- 
panied in  their  course  by  branches  of  the  renal  and  in- 
ternal iliac  arteries,  and  are  crossed  by  the  obliterated  hypo- 
gastric artery.  The  diameter  of  each  is  |  inch.  The  right  ureter 
measures  2  feet  3  inches ;  the  left  2  feet. 

3.  Bladder  and  Urethra. — The  bladder(figa  1, 2,3,5, BL), when 
moderately  distended,  is  oval  in  form,  with  its  long  axis  directed 
backwards  and  downwards.  Its  greatest  length  is  12  inches; 
its  greatest  width  laterally  and  antero-posteriorly  7  inchea  It 
is  partially  covered  by  peritoneum,  reflected  on  its  back  and 
Hide  from  the  uterus  and  broad  ligament.  The  peritoneum 
clothes  the  dorsum  and  sides  of  the  bladder  in  its  anterior  half, 
and  is  reflected  from  it  on  the  pelvic  and  abdominal  walla 
At  the  sides  of  the  bladder,  in  the  angle  of  reflexion  on  the 
pelvic  wall,  it  is  raised  up  into  a  thick  rounded  fold  by  the 
obliterated  hj'pogastric  artery  and  branches  of  the  internal 
iliac  arteries  beneath.  In  connexion  with  each  of  thes^ 
ridges,  a  secondary  fold  of  peritoneum,  free  from  contents,  is 
prolonged  upwards  alongside  the  bladder.  Below  and  behind, 
the  bladder  is  further  covered  by  a  thick  dense  layer  of  pelvic 
fascia,  which  intervenes  between  it  and  the  uterus.  The  two 
ureters  open  into  the  wall  of  the  bladder,  posteriorly  and  superi- 
orly, 4J  inches  from  one  another,  and  9  inches  from  the  neck 
of  the  bladder  (figs,  1,  2,  3,  Ur.).  They  pierce  the  wall  of  the 
bladder  obliquely,  and  open  on  the  interior  of  the  oi^n  at 
different  levels,  the  right  ureter  being  7  inches  from  the  neck, 
the  left  ureter  9  inches.  The  openings  are  3  inches  apart, 
liach  opening  is  valvular,  with  a  sharp  concave  upper  edge,  (he 
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border  of  a  thin  translucent  reduplication  of  the  mucous  mem- 
brane, 2  inches  long  on  the  right  side,  1  inch  in  length  on  the 
left  side  (fig.  5,  Ur).  The  difference  in  position  of  the  internal 
openings  is  due  to  the  shorter  course  of  the  left  ureter  through 
the  bladder  wall. 

The  muscvJar  wall  of  the  bladder  (fig.  1)  is  thick  and  strong, 
consisting  of  a  thick  layer  of  pale  muscular  fibres,  interlaced 
together  in  all  directions  over  the  surface  of  the  organ.  Under 
the  muscular  coat  is  a  loose  layer  of  submucous  tissue,  covering 
the  smooth  mucous  membrane.  The  mucous  membrane  is  raised 
into  a  thin  ridge  (fig.  5)  in  the  middle  line  at  the  neck  of  the 
bladder,  which  disappears  when  it  is  put  on  the  stretch. 

The  neck  of  the  bladder  (urethra)  is  short  and  thick,  2  inches 
in  length,  and  lies  over  the  terminal  part  of  the  vagina.  The 
upper  half  is  different  in  structure  from  the  lower  half.  The 
upper  half  is  surrounded  by  a  ring  of  muscular  fibres,  forming  a 
distinct  sphincter  (figs.  1  and  5,  Sph.  V.)  continuous  behind  with  the 
muscular  wall  of  the  bladder,  but  clearly  demarcated  from  it: 
continuous  in  front  with  the  bulbo-cavernosus  muscle.  Beneath 
the  sphincter  is  a  loose,  thin  mucous  membrane,  joined  behind 
by  the  slight  ridge  occupying  the  floor  of  the  bladder.  Tlie  lower 
half  is  invested  by  the  fibres  of  the  bulbo-cavernosus  muscle  (fig. 
1);  beneath  this  is  placed  a  ring  of  submucous  tissue,  to  which 
the  smooth  mucous  membrane  is  adherent  (figs.  3,  5,  Ure.). 

The  posterior  opening  into  the  bladder  is  smooth,  and  passes 
directly  into  the  bladder  wall  Tlie  anterior  opeuing  into  the 
urogenital  canal  is  a  rounded  thick-lipped  aperture,  |  inch  in 
diameter,  placed  above  the  vaginal  opening  (fig.  4,  Ure.). 

II.  Generative  Organs. 

The  generative  organs  are  naturally  separated  into  two  series : 
(1)  those  enclosed  in  the  layers  of  the  broad  ligament,  and  con- 
tained in  the  abdominal  and  pelvic  cavities,  and  (2)  those  outside 
the  peritoneum  and  in  the  perinseum. 

The  Broad  Ligament  and  its  contents.— (a)  The  broad 
ligament  (figs.  6  and  7)  is  a  membranous  fold  of  peritoneum 
attached  to  the  dorsal  wall  of  the  abdominal  and  pelvic  cavities. 
It  fades  away  anteriorly  in  relation  to  the  diaphragm,  to  which  it 
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is  attached  by  a  diaphragmatic  ligament  (D.L) ;  in  the  pelvic 
cavity  it  forms  a  simple  continuous  partition  between  the  rectum 
and  the  bladder,  its  two  layers  being  reflected  upwards  on  the 
rectum  behind,  and  downwards  on  the  bladder  in  front 

Its  dimensions  are  not  the  same  on  the  two  sides.  On  the 
right  side  its  free  edge  measures  28  inches  in  length ;  on  the  left 
37 J  inchea  Its  depth  is  17  inches  on  the  right  side,  16 
inches  on  the  left,  alongside  the  uterus  at  the  side  of  the 
middle  line.  Its  depth  is  13  inches  in  the  middle  of  its  extent ; 
and  at  the  hilum  of  the  ovary,  5^  inches  on  the  right  and  3 
inches  on  the  left  side.  It  forms  a  convex  pendulous  fold,  with  a 
thickened  rounded  free  border,  which  contains  the  Fallopian  tube 
(fig.  7,  F.T.).  The  Ureter  (Ur.)  runs  backwards  along  its 
attached  margin.  The  first  part  of  the  uterus  (Co.  Ut.)  is  placed 
between  its  two  layers  in  the  middle  line ;  and  the  ovary  (Ov.) 
and  opening  of  the  Fallopian  tube  occupy  the  inner  aspect 
of  the  ligament  near  its  diaphragmatic  attachment.  It  also 
encloses  layers  of  muscle,  along  with  vessels  and  nerves.  Near 
the  uterus  the  lower  half  of  the  ligament  is  thickened,  apparently 
on  account  of  the  presence  of  an  increased  amount  of  muscular 
tissue.  A  secondary  fold  of  peritoneum  exists  on  the  inner  side 
of  each  broad  ligament  (fig.  6,  Sec.)  opposite  to  and  below  the 
attachment  of  the  ovary.  Tliis  is  much  larger  and  more  complex 
on  the  right,  its  attachment  measuring  20  inches ;  and  it  is 
roughly  triangular  in  form,  with  an  irregular  margin,  provided 
with  long  and  narrow  as  well  as  flat  and  rounded  projections 
and  subordinate  folds.  On  the  left  side  the  fold  is  simpler, 
smaller,  and  roughly  quadrilateral.     It  measures  9  by  7  inches. 

Muscular  Tissue  of  the  Broad  Ligament, — Beneath  the  peri- 
toneum the  broad  ligament  is  provided  with  two  loose  sheets  of 
muscular  fibres  which  radiate  outwards  from  the  middle  line  (fig. 
7,  M.M.).  They  form  thick  layers  on  the  front  and  back  of  the 
uterus,  tliinning  out  on  each  side  in  relation  to  the  broad  liga* 
ment,  where  they  are  separated  by  the  vessels  and  nerves.  Tliey 
become  more  abundant  again  at  the  edge  of  the  broad  ligament, 
and  form  a  loose  tubular  investment  for  the  Fallopian  tube. 
Both  Fallopian  tubes  and  uterus  lie  almost  free  in  this  loose 
investment  of  muscle ;  the  muscular  fibres,  indeed,  only  require 
to  be  cut  through  in  order  to  expose  the  tubea     Between  the 
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two  horns  of  the  uterus  the  muscular  strata  form  a  thick  continu- 
ous layer,  over  which  the  peritoneum  is  reflected,  so  as  to  give  to 
the  broad  ligament  a  simple  continuous  margin  in  the  middle  line. 
The  strata  of  muscle  pass  downwards  over  the  front  and  back  of 
the  uterus,  so  as  to  form  an  investment  for  its  extra-peritoneal 
portion ;  when  traced  forwards  the  muscular  tissue  passes  beneatli 
the  ovarian  sac,  and  entering  the  ovario-fallopian  and  diaphrag- 
matic ligaments,  finally  loses  itself  on  the  diaphragm. 


Contents  of  the  Broad  Ll/jaweiht, 

The  Ovary 

(Ov.,  figs.  6,  7,  11)  is  placed  near  the  anterior  end  of  the 
broad  ligament  on  its  mesial  aspect.  It  occupies  the  ovarian 
pouch  (S.),  a  shallow  concavity,  which  measures  3  inches  from 
before  backwards,  and  2  J  inches  from  above  downwarda  The 
pouch  is  bounded  dorsally  by  the  ovarian  hilum,  ventrally  by  a 
fold  of  peritoneum  which  is  continuous  with  the  broad  ligament. 
The  ventral  half  of  the  margin  of  the  pouch  is  formed  by  the 
thin  irregular  edge  of  the  infundibulum  (I.).  The  pouch  is 
divided  into  two  parts :  a  dorsal  portion,  smooth,  pale  and 
glistening,  and  circular,  which  contains  the  ovary ;  and  a  ventral 
half  (infundibulum),  larger  in  size,  crescentic  in  shape,  dull  and 
of  a  dark  red  colour,  and  marked  by  parallel  folds,  leading  to 
the  commencement  of  the  Fallopiaft  tube. 

Attachment  of  the  Ovary, — -The  ovary  is  attached  by  its  hilum 
(fig.  11,  Hi.)  to  the  dorsal  border  of  the  ovarian  pouch,  and  hangs 
downwards.  The  vessels  enter  the  substance  of  the  ovary  at  this 
spot ;  and  at  the  attachment  of  the  ovary  there  is  a  considerable 
increase  in  the  thickness  and  toughness  of  the  tissue  beneath  the 
peritoneum  of  the  broad  ligament. 

The  Ovarian  Ligaments  are  two  in  number.  The  diaphrag- 
matic ligament  (D.L.)  passes  forwards  from  the  ovarian  hilum  to 
the  diaphragm,  where  it  fades  away.  It  is  9  inches  in  length, 
thick  and  fibrous,  and  invested  by  a  dense  layer  of  muscular 
fibres  covered  by  peritoneum.  The  ovario-fallopian  liga- 
ment (O.F.L.)  passes  backwards  from  the  hilum  of  the  ovary  to 
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the  Fallopian  tube.     It  is  composed  almost  entirely  of  muscular 
fibres,  continuous  with  the  investment  of  the  Fallopian  tube. 

Hie  left  ovary  measures  in  its  greatest  (antero-posterior) 
diameter  2f  inches.  The  line  of  attachment  at  the  hilum  \b\\ 
inches;  the  length  from  hilum  to  margin  is  1^  inches;  and  its 
thickness  is  1  inch.  It  is  firm  and  reddish-grey  in  colour,  and  is 
covered  by  a  glistening  investment  of  peritoneum.  The  ovary  is 
marked  on  its  surface  by  numerous  shallow  sulci,  separating  it 
into  lobules ;  on  its  free  lower  border  three  wider  sulci  are  pre- 
sent, crossing  it  obliquely,  and  separating  off  four  lobules.  To 
the  most  anterior  of  these  lobules  was  attached  a  small  pendulous 
cyst,  measuring,  with  its  peduncle,  1  inch  in  length.  It  is  note- 
worthy that  the  right  ovary,  which  measures  2  x  2 J  inches,  when 
removed  from  the  body,  was  soft  and  pulpy,  divested  of  peri- 
toneum, and  covered  by  shreds  of  soft  white  material  (lymph) 
which  could  be  easily  stripped  from  its  surface.  Its  surface  was 
wrinkled  and  corrugated  ;  and  along  its  free  border  ran  a  fissure, 
which  partially  separated  the  organ  into  halves.  The  con- 
dition of  the  right  ovary  may  have  been  the  cause  of  the 
furious  outbreak  which  led  to  the  escape  of  the  elephant  from 
Mr  Cross's  menagerie. 

Ovarian  Vessels, — The  ovarian  artery  (O.A.,  figs.  7,  11)  is  a 
liranch  of  the  renal  artery,  and  passes  outwards  directly  over  the 
ventral  surface  of  the  kidney  to  reach  the  ovary.  It  supplies 
branches  to  the  ovary  and  ovarian  pouch,  and  extending  along 
the  ovario-fallopian  ligament,  can  be  traced  for  a  considerable 
distance  in  the  broad  ligament.  The  ovarian  vein  is  of  great 
size.  It  is  formed  near  the  hilum  of  the  ovary  by  the  union  of 
several  large  veins  from  the  ovary  and  broad  ligament.  Its 
exact  termination  was  not  found.  Its  end  was  cut  near  the 
renal  vein. 

Parovarium,  (Par.,  fig.  7)  (?).  A  plexiform  mass  of  tubules, 
occupying  an  area  of  1 J  inches,  was  placed  in  the  fold  of  peri- 
toneum separating  the  ovarian  pouch  from  the  infundibulom. 
No  distinct  duct  could  be  found.  The  mass  was  connected  with 
the  muscular  investment  of  the  Fallopian  tube  by  a  tough  fibrous 
band  running  along  the  ovario-fallopian  ligament 
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The  Fallopian  Tube. 

The  Fallopian  tube  (fig.  7,  F.T.)  extends  from  the  infundibulum 
through  the  broad  ligament  to  the  middle  line,  where  it  unites 
with  its  fellow  of  the  opposite  side  to  form  the  body  of  the 
uterus. 

The  Infundibulum  (I.)  is  a  large  crescentic  pouch  5x5  inches 
in  extent,  forming  the  lower  (ventral)  half  of  the  ovarian  poucl^. 
Its  anterior  angle  is  attached  to  the  hilum  of  the  ovary;  itf^ 
posterior  angle  is  joined  to  the  margin  of  the  ovarian  pouch. 
The  anterior  portion  of  the  pouch  is  connected  to  the  diaphragm 
and  ovario-diaphragmatic  ligament  by  a  fold  of  peritoneui^t, 
thickened  by  a  mass  of  muscular  fibres  prolonged  forward  frpm 
the  lining  of  the  ovarian  pouch.  Posteriorly,  the  pouch  is  con- 
nected to  the  broad  ligament  by  a  peritoneal  foldr(the  wall  of 
the  ovarian  pouch),  greatly  thickened  by  the  presence  between 
its  layers  of  the  (?)  parovarium.  The  interior  of  the  sac  is 
marked  by  a  large  number  of  folds  or  rugae,  which  converge 
from  minute  fimbriae  on  the  edge  of  the  sac  to  the  orifice  of  the 
Fallopian  tube.  The  rugae  are  small,  and  irregular  in  size  and 
arrangement.  Many  of  them  end  short  of  the  border  of  the  sac 
in  minute  fimbriae. 

The  orifice  of  the  Fallopian  tube  (ostium  aMominale)  figs  6, 
7,  11,  Ost.)  is  placed  about  the  middle  of  the  back  of  the  sac.  It 
is  a  slit-like  opening,  J  inch  in  diameter  on  the  right  side,  f  inch 
on  the  right  side.  On  its  mesial  side  is  a  prominent  lip — a 
thickening  marked  by  grooves  and  ridges.  Externally  the  orifice 
is  continuous  with  the  interior  of  the  sac  of  the  infundibulum, 
and  is  scored  by  the  converging  rugae. 

Tlie  Fallopian  tube  forms  a  simple  narrow  tube,  which  curves 
behind  the  ovarian  sac,  along  the  ovario-fallopian  ligament,  and 
between  the  layers  of  the  broad  ligament.  Its  length  is  51 
inches  on  the  right,  57  inches  on  the  left  side,  and  its  calibre 
varies  from  ^  to  ^  inch.  It  may  be  divided  into  four  portions 
— (1)  a  funnel-shaped  mouth,  (2)  a  portion  in  the  wall  of  the 
ovarian  sac,  (3)  a  part  in  relation  to  the  ovario-fallopian  ligament, 
and  (4)  a  part  in  the  broad  ligament. 
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The  dimensions  (in   inches)   of   the   different  parts    are   as 
follows : — 


Width. 
R.             L. 

Length. 
R.          L. 

Funnel-shaped  mouth,     . 

r      r 

1           1 

Part  behind  ovarian  sac, 

r      V 

6           8 

Part  in  relation  to  ovario-fallopian 

ligament, 

1  "            A  " 
24             3^ 

6           7 

Part  in  broad  ligament,  . 

i-i"       i-i" 

38       41 

51"     57" 

The  funnel-shaped  beginning  of  the  tube,  J-1  inch  in  lengtli, 
leads  from  the  ostium  abdominale  to  a  narrow  sinuous  tulie 
placed  behind  the  ovary  between  the  two  layers  of  peritoneum 
forming  the  ovarian  sac.  At  the  commencement  of  the  broad 
ligament  this  tube  becomes  extremely  narrow  (^  inch),  and 
insinuates  itself  among  the  muscular  tissue  of  the  broad  liga- 
ment, coursing  along  the  ovario-fallopian  ligament.  Thus  far  the 
tube  is  provided  with  no  proper  muscular  coat. 

In  the  broad  ligament  proper,  the  tube  courses  backwards  near, 
but  not  quite  at,  the  edge  of  the  ligament.  It  is  invested  by  a 
loose  muscular  sheath,  which  is  not  at  all  definitely  marked  off 
from  the  muscular  tissue  of  the  rest  of  the  broad  ligament.  The 
muscular  wall  is  most  definite  about  the  middle  of  the  tube, 
where  it  is  about  f  inch  in  width.  As  it  approaches  the  middle 
line,  the  tube  leaves  the  border  of  the  broad  ligament,  and  passing 
backwards  mesially,  joins  the  opposite  tube  in  the  middle  line 
9  inches  from  the  attached  border  of  the  broad  ligament,  to  form 
the  body  of  the  uterus  (figs.  1,  7,  Co.  Ut.).  The  part  of  the  tube 
that  recedes  from  the  surface  is  placed  between  two  broad  sheets 
of  muscular  fibres,  and  has  no  distinct  and  separate  muscular 
wall.  At  first  very  narrow,  this  part  of  the  tube  gradually  dilates 
as  it  approaches  the  middle  line,  its  diameter  being  |  inch  at 
the  beginning,  J  inch  at  the  termination. 

The  Uterus.^ 

The  uterus  is  naturally  divisible  into  two  parts:  (l)the  carpus 
uteri,  in  the  broad  ligament  \  (2)  the  cervix  uteri,  in  the  space 
between  bladder  and  rectum. 

^  In  removing  the  pelvic  viscera,  tho  mesial  ]Mirt  of  the  base  of  the  brottd  liga- 
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1.  In  the  broad  ligament,  by  the  junction  of  the  two  Fallopian 
tubes,  a  narrow  thin-walled  tube  is  formed  (corpus  uteri)  (figa 
1,  7,  Co.  Ut.)  4  inches  in  length  and  J  inch  in  diameter.  It  widens 
out  towards  its  termination.  At  its  commencement  it  is  joined 
by  the  two  Fallopian  tubes  without  any  change  in  the  character 
of  the  tube,  the  interior  of  which  is  uniformly  smooth.  It  is 
loosely  covered  in  front  and  behind  by  a  double  slieet  of  muscular 
fibres,  which  is  continued  over  the  front  and  back  of  the  second 
part  of  the  orgin  (figs.  1,  2,  3,  Ce.  Ut.). 

2.  Between  the  recttim  and  the  bladder  the  uterus  is  larger  and 
more  capacious  (cervix  uteri).  It  is  a  tube  7  inches  in  length, 
and  is  directed  forwards  and  downwards  to  the  os  uteri  (fig.  3, 
Os.).  It  is  narrow,  and  less  than  1  inch  in  diameter  at  its  com- 
mencement, but  expands  below  so  as  to  be  nearly  3  inches  wide 
at  its  termination.  Its  wall  is  thick,  and  composed  of  dense 
fibrous  tissue.  The  interior  of  this  portion  of  the  uterus,  at 
first  narrow  and  smooth,  is  soon  thrown  into  irregular  longi- 
tudinal folds,  permanent  in  character.  These  folds  are  small 
above,  and  enlarge  as  they  descend  towards  the  os  uteri.  They 
end  below  by  entering  into  the  formation  of  the  lips  of  the  os 
uteri.  Surrounding  the  whole  of  this  part  of  the  uterus  in  front 
and  behind  are  two  sheets  of  muscular  fibres,  continued  from  the 
broad  ligament.  These  fibres  are  pale  in  colour,  and  extend  as 
far  as  the  beginning  of  the  vagina,  where  they  become  continuous 
with  the  longitudinal  muscles  of  the  vaginal  wall.  Under  these 
strata  the  lower  portion  of  the  uterus  has  a  continuous  invest- 
ment of  pale  muscular  fibres  of  considerable  thickness. 

The  08  uteri  is  a  thick  fleshy  ring  which  projects  into  the 
lumen  of  the  tube,  and  forms  a  definite  separation  between 
uterus  and  vagina.  It  projects  for  J  to  1 J  inches  all  round,  and 
lias  a  very  irregular  free  margin,  provided  with  seven  flat,  thick 
projections :  the  uterine  aspect  of  the  ring  receives  the  ends  of 
the  uterine  folds,  while  the  vaginal  surface  is  uniformly 
smooth. 

ment  was  divided,  so  cutting  across  the  nteras  at  the  point  where  it  passes 
between  rectum  and  bladder.  There  docs  not  ajipear  to  have  been  any  loss  of 
material:  the  two  ends  of  the  organs  fit  into  one  another,  completing  tlie 
continuity  of  the  tube.    ' 
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The  Vagina. 

The  vagina  (figs.  1,  2,  3,  Va.)  is  a  capacious  tube,  which 
extends  obliquely  downwards  and  forwards  beneath  the  bladder 
and  urethra  to  the  bymeneal  orifice,  at  the  beginning  of  the 
urogenital  canal.  It  is  placed  above  and  in  front  of  the  rectum 
and  the  perinaeal  tissue;  laterally  it  is  related  to  the  levator 
ani,  and  is  invested  by  the  bulbo-cavernosus  muscle.  The  vagina 
is  19  J  inches  in  length,  tapering  in  form,  and  with  a  varying 
diameter  in  different  parts  of  the  tube.  At  the  os  uteri  it  is 
nearly  3  inches  wide;  in  the  middle  of  its  length  it  narrows 
gradually  to  2J-2  inches;  3  inches  from  its  termination  its 
diameter  narrows  to  1  inch ;  and  it  is  finally  limited  by  the 
membranous  folds  of  the  hymen,  which  cause  the  termination  of 
the  vagina  to  assume  a  conical  form,  ending  in  a  narrow  vertical 
slit  J  inch  in  depth  (fig.  3,  Hy.).  The  wall  of  the  vagina  is  clothed 
by  pale  muscular  fibres,  continuous  with  the  muscular  sheets 
investing  the  anterior  and  posterior  surfaces  of  the  uterus,  and 
derived  from  the  broad  ligament. 


The  Urogenital  Canal. 

The  urogenital  canal  (figs.  2,  3,  Ug.  C.)  is  a  tube  of  varying 
calibre,  extending  downwards  and  forwards  from  the  openings 
of  the  urethra  and  vagina  to  the  vulva.  This  canal  is  3  feet  in 
length.  Its  diameter  just  beyond  its  commencement  is  1^  inches ; 
at  a  distance  of  10  inches  from  its  commencement  it  is  3  inches 
wide.  It  again  becomes  constricted  to  1^  inches,  and  then 
gradually  widens  in  its  lower  two-thirds,  becoming  4J  inches 
wide  at  the  vulvar  orifice  (from  the  base  of  the  clitoris  to  tlie 
posterior  margin).  The  proximal  two-thirds  of  the  tube  are  thus 
fusiform  in  shape,  narrower  at  the  ends  than  in  the  middle. 
The  terminal  third,  which  is  in  relation  to  the  body  of  the  clitoris, 
is  cylindrical,  and  dilates  near  its  termination  to  form  a  funnel- 
shaped  opening  underneath  the  clitoris. 

Mucous  membrane. — The  lining  of  the  tube  is  of  a  reddish 
colour,  and  in  general  is  almost  smooth.  There  are  upon  it  a 
series  of  fine  ridges,  collected  into  two  main  longitudinal  series 
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on  the  dorsal  and  ventral  walls  respectively.     At  the  sides  of  the 
tube  they  become  oblique,  and  more  scattered  and  irregular. 

Openings  in  the  Mucous  Membrane,  1.  Urethrcu — At  the 
banning  of  the' canal  are  two  openings — that  of  the  urethra 
above,  that  of  the  vagina  below.  The  urethral  orifice  (figs.  2-5, 
Ura)  is  a  round  thick-lipped  aperture,  J  inch  in  diameter.  The 
lip  is  specially  prominent  at  its  posterior  or  lower  part,  where 
it  overhangs  the  vaginal  opening.  From  this  thick  margin  five 
broad  prominent  ridges  (figs.  4,  5,/)  radiate  outwards  into  the 
wall  of  the  urogenital  canal,  on  which  they  gradually  fade  away. 
They  have  no  great  extent,  and  are  reduplications  of  the  mucous 
membrane.  One  ridge  is  mesially  placed  in  the  mid-dorsal  line, 
above  the  urethral  orifice,  and  there  are  two  on  each  side.  By 
these  prominent  folds  five  pouches  are  formed, — two  bhnd  pouches 
on  either  side  and  a  single  median  depression  in  the  mid-ventral 
line,  in  which  the  hymen  and  vaginal  orifice  occur. 

2.  Vaginal  orifice, — This  aperture  (fig&  3,  4,  5)  occupies  the 
lowest  median  depression  below  the  urethral  orifice,  at  the  com- 
mencement of  the  urogenital  canal.  The  pouch  leads  into  three 
orifices,  of  which  the  central  one  is  the  vaginal  opening,  the  two 
lateral  ones  being  blind  pouches  on  either  side.  The  vaginal 
opening  is  a  very  narrow  vertical  slit  \  inch  in  length,  formed 
by  the  margins  of  the  hymen  (Hy.). 

Hu  Hymen  consists  of  two  oblique  translucent  folds  of  mucous 
membrane  attached  to  the  vaginal  wall,  and  projecting  forwards 
into  the  beginning  of  the  urogenital  canal.  The  right  fold  is 
1\  inch,  the  left  fold  1  ipch  in  length.  Each  has  a  free  straight 
anterior  edge,  ^  inch  in  depth,  attached  separately  to  the  floor 
of  the  pouch.  The  upper  part  of  each  edge  is  fused  with  its 
neighbour,  so  as  to  reduce  the  orifice  to  a  narrow  cleft  \  inch  in 
depth.  The  vaginal  surfaces  of  the  hymen  are  smooth,  and  continu- 
ous with  the  lining  membrane  of  the  tube,  so  as  to  give  no  indica- 
tion of  its  presence  on  that  aspect.  In  relation  to  the  urogenital 
canal,  they  form  the  inner  boundaries  of  a  fossa  on  either  side 
of  the  hymeneal  slit.  Each  is  a  blind  pouch,  1\  inches  deep  on 
the  right,  1  inch  on  the  left  side,  with  an  oval  aperture  J  X  J 
inch  in  extent,  opening  into  the  commencement  of  the  urogenital 
canal. 

3.  Ducts  of  Bartlwlin's  glands  (?)  (figs.  2,  3,  5,  Bar.). — Tlie 
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three  openings  of  these  duets  are  in  the  floor  of  the  urogenital 
canal,  J  inch  from  the  middle  line  on  either  sida  Each  opening 
is  oblique  and  ^  inch  in  diameter.  There  are  two  duels  on  the 
left  side,  one  on  the  right  side.  The  opening' of  the  right  duct 
is  1 J  inches  behind  the  junction  of  the  crura  clitoiidis,  16  inches 
from  the  commencement  of  the  tube.  The  openings  of  the  left 
ducts  are  2  inches  apart,  15  and  17  inches  from  the  commence- 
ment of  the  tube,  the  anterior  opening  being  just  behind  the 
junction  of  the  crura  clitoridis.  These  ducts,  which  have 
extremely  thin  walls,  after  piercing  the  membranous  wall  of  the 
urogenital  canal,  are  directed  backwards  beneath  the  erectile 
tissue  and  muscular  coat.  Entering  the  erectile  tissue,  they 
terminate  there  after  dividing  into  narrower  and  narrower  tubes. 
They  do  not  pass  through  the  muscular  coat,  and,  as  far  as  can 
be  made  out,  are  not  connected  with  any  glands.  The  length  of 
the  main  duct  on  the  right  side  is  7  inches ;  the  anterior  duct 
of  the  left  side  is  8  J  inches  long,  the  posterior  duct  7  J  inchea 

The  Erectile  Tissue  of  the  Urogenital  Canal — (fig.  9,  Er.). — A 
continuous  layer  of  spongy  erectile  tissue  surrounds  the  mucous 
membrane  of  the  urogenital  canal,  beneath  the  muscular  stratum. 
Mingled  with  it  and  continuous  with  it  is  a  thin  sheet  of  mus- 
cular fibres.  It  is  a  layer  of  considerable  thickness  in  relation 
to  the  posterior  two-thirds  of  the  tube,  but  becomes  much  thinner 
anteriorly,  except  on  the  dorsal  wall.  It  is  greatly  thickened  on 
the  dorsal  wall  of  the  tube  beyond  the  point  where  the  crura 
clitoridis  unite  to  form  the  corpora  cavernosa.  It  closely  attaches 
the  united  crura,  and  binds  down  the  under  surface  of  the  corpora 
cavernosa  to  the  dorsal  wall  of  the  tube,  and  serves  as  a  corpus 
spongiosum  (C.  Sp.). 

The  Clitoris  {&^.  1,  2,  3)  is  formed  by  the  junction  of  two 
crura  to  form  a  united  pair  of  corpora  cavernosa,  connected  on 
their  under  surfaces  with  the  thickened  mass  of  erectile  tissue 
on  the  dorsal  wall  of  the  urogenital  canaL  It  is  19  inches  long, 
and  is  continued  forwards  to  the  glans  clitoridis,  beneath  the 
tendon  of  the  levator  cUtoridis.  The  sides  of  the  corpora  caver- 
nosa give  origin  to  the  bulbo-cavernosus  muscle.  Surrounding 
each  corpus  cavernosum  is  a  thin  layer  of  muscular  fibres  (ischio- 
cavernosm  ?),  beneath  which  is  erectile  tissue. 
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The  Muscles  of  the  Urogenital  Canal. 

Pelvic  fascia. — A  very  tough  layer  of  fascia  closely  encircles 
the  neck  of  the  bladder  and  the  vagina,  and  is  continuous  behind 
with  a  sheet  of  fascia  passing  across  the  middle  line  in  front  of 
the  rectum.  It  gives  origin  inferiorly  to  the  posterior  fibres  of 
the  bulbo-cavernosuB  muscle. 

The  muscles  associated  with  the  urogenital  canal  are  four  in 
number — bulbo-cavernosus,  ischio-cavernosus,  levator  ani,  and 
erector  clitoridis.  There  is  also  present  a  separate  sphincter  ani 
externus. 

The  Bulbo-cavernosus  (fig.  1,  B.C.)  forms  a  complete  invest- 
ment for  the  urogenital  canal  outside  the  erectile  tissue  of  its 
wall  1.  Posteriorly,  three  irregular  slips  form  its  commence- 
ment, arising  from  the  pelvic  fascia  (B.C.  1),  and  passing  forwards 
round  the  rectum  to  embrace  the  urethra  and  vagina.  These 
fibres  are  continuous  above  with  the  sphincter  of  the  bladder, 
but  are  clearly  distinguishable  from  it.  2.  Continuous  with 
these  fibres  is  a  tubular  sheet  of  muscle  (B.C.  2),  encircling  the 
urogenital  canial  as  far  as  the  point  of  separation  of  rectum  and 
urogenital  canal.  3.  At  this  point  fibres  of  the  levator  ani  (LA.) 
reinforce  the  bulbo-cavernosus  muscle  in  two  bundles:  (1)  the 
higher  extending  round  the  urogenital  canal  in  continuous  series 
with  those  above  named ;  (2)  the  lower  fibres  passing  forwards  to 
be  continuous  with  the  next  series  of  fibres.  The  two  series 
are  separated  on  the  wall  of  the  urogenital  canal  by  the  crus 
clitoridis,  passing  forwards  to  form  the  corpus  cavernosum. 

4.  Beyond  the  junction  of  the  crura  to  form  the  clitoris,  the 
bulbo-cavernosus  arises  from  its  sides  in  a  continuous  sheet  (B.C. 
H).  Sweeping  ventrally  round  the  urogenital  canal,  the  posterior 
fibres  blend  with  fibres  of  the  levator  ani  (3),  the  intermediate 
fibres  extend  transversely  round  the  canal,  and  the  anterior 
fibres,  much  thinned  out,  are  directed  obliquely  forwards,  so  as 
to  form  the  muscular  wall  of  the  genito-urinary  sinus  (vulva). 

Posteriorly,  this  muscle  is  of  considerable  thickness.  Anteriorly, 
it  is  much  thinner,  and  becomes  inextricably  blended  with  the 
subjacent  erectile  tissue.  It  is  supplied  by  large  branches  of  the 
pudic  nerve. 
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Ischio-cavemosus. — The  only  trace  of  this  muscle  was  in  the 
form  of  a  thin  layer  of  muscular  fibres  surrounding  each  cms 
clitoridis  on  its  way  to  form  the  clitoria 

The  Levator  ani  (L. A.)  appears  to  exist  in  two  parts : — 

A.  Upper  part  (larger). — A  considerable  band  of  muscular 
fibres,  the  origin  of  which  was  cut  (it  appeared  to  come  from  the 
lower  sacral  vertebrae),  passes  forwards  alongside  the  rectum, 
and  is  inserted  in  a  fourfold  manner.  1  and  2.  As  already  men- 
tioned, the  highest  part  of  the  muscle  subdivides  into  two  sheett^ 
(sepvrated  by  the  crus  clitoridis),  which  join  ports  of  the  bullxn 
cavemosus,  and  are  inserted  into  the  urogenital  canal.  3.  A 
third  portion  of  the  muscle  below  these  is  inserted  into  the 
perinseal  fascia  in  front  of  the  rectum.  4.  The  lowest  and 
largest  set  of  fibres  sweep  downwards  on  to  the  rectum,  and 
become  continuous  with  its  longitudinal  muscular  coat. 

B.  Lower  part  (smaller). — The  posterior  attachment  of  this 
portion  was  also  divided.  It  is  a  broad  band  of  muscle  which, 
passing  forwards  on  the  side  of  the  rectum,  is  inserted  in  three 
portions.  1.  The  highest  fibres  pass  forwards  round  the  rectum 
so  as  to  embrace  it  anteriorly,  outside  the  longitudinal  muscular 
coat.  2.  An  intermediate  set  of  fibres  passes  in  front  of  the 
rectum  to  the  fascia  of  the  psrinaeum.  [This  layer  was  cut 
anteriorly.  It  appeared  to  have  an  insertion  into  the  perinatal 
fascia.]  3.  The  lowest  fibres,  in  two  bundles,  pass  downwards 
along  the  rectum,  and  become  continuous  with  the  longitudinal 
muscular  coat.  The  muscle  is  supplied  by  branches  of  the  pudie 
nerve. 

Sphincter  ani  externus  (S.E.)  is  imbedded  in  the  fascia  along- 
side the  anus;  it  was  divided  at  each  end.  It  consists  of  an 
elongated  cylindrical  muscle,  extending  antero-posteriorly  around 
the  anus  and  alongside  the  terminal  portion  of  the  rectum.  It 
is  supplied  by  the  pudic  nerve. 

The  Levatores  clitoridis  (L.  CI.)  were  divided  at  their  origin. 
The  muscular  bellies  are  long  and  cylindrical,  and  anteriorly  form 
two  narrow  tendons,  which  join  to  form  a  single  median  tendon. 
This,  after  passing  along  the  whole  length  of  the  dorsum  of  the 
clitoris,  is  inserted  into  the  dorsum  of  the  glans  clitoridis  It  is 
supplied  by  a  branch  of  the  pudic  nerve. 
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External  Genital  Organs. 

When  the  animal  was  received  on  the  fourth  day  after  poison- 
ing by  aconite,  the  external  genitals  were  much  swollen  and 
distended.  A  fortnight  later,  when  the  sketch  was  made,  they 
had  become  flaccid  and  wrinkled. 

Vulva. — The  vulva  (fig.  10)  is  placed  far  forward,  in  front  of 
and  between  the  thighs,  and  projects  slightly  from  the  belly  wall. 
The  distance  between  the  posterior  margin  of  the  vulva  and  the 
anterior  margin  of  the  anus  is  24^  inches.  The  opening  of  the 
vulva  looks  downwards  and  slightly  forwards.  It  is  oval  in 
shape,  and  measures  9  inches  antero-posteriorly,  6  inches  from 
side  to  side.  It  is  surrounded  with  sparse  and  scattered  bristles, 
and  itself  is  devoid  of  hair.  It  is  in  the  form  of  two  thick 
wrinkled  lips  (La,),  united  anteriorly  by  a  mons  veneris  or 
prepuce  (Pr.),  and  meeting  behind  in  a  thin  sharp  margin.  The 
lips  present  several  grooves,  and  numerous  smaller  irregular 
wrinkles  radiating  from  the  interior.  Within  these  lips  are  the 
genito-urinary  orifice  and  the  glans  clitoridis  (Gl.  CL). 

The  genilo-urimiry  orifice,  directed  downwards,  and  slightly 
forwards,  is  oval  in  shape,  and  admits  the  closed  hand  when 
folded  into  a  conical  shape.  Within  it  the  wrinkled  epidermis 
of  the  vulva  is  suddenly  transformed  into  the  smooth  lining  of 
the  urogenital  canal  The  passage  widens  just  within  the 
orifice.  For  a  distance  of  4  inches,  just  behind  the  orifice,  is  a 
series  of  wide  openings  of  minute  glands  in  the  floor  of  the  canal. 

The  glans  clUoridvi  is  placed  in  front  of  the  genito-urinary 
orifice,  and  overhangs  it.  It  measures  3  inches  both  in  length 
and  width,  and  has  a  free  extremity  bifurcated  for  half  an  inch 
in  the  centre.  The  prepuce  forms  a  kind  of  hood  over  its  dorsal 
surface;  its  lateral  margins  are  prolonged  into  folds  forming 
frsena  (Fr.).  It  is  flattened  from  above  downwards,  and  on  its 
upper  surface  has  a  tongue-shaped  projection  in  low  relief, 
making  a  kind  of  third  lobe.  The  under  surface  of  the  glans  is 
covered  by  smooth  skin,  continuous  with  the  lining  of  the  genito- 
urinary passage.  Its  dorsal  surface  is  covered  with  wrinkled 
dark-coloured  epidermis.  At  the  junction  with  the  prepuce 
the  cutaneous  wrinkles  are  particularly  fine. 
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General  Observations. 

Several  points  of  anatomical  and  physiological  interest  arise 
from  a  comparison  of  these  observations  with  those  of  others, 
notably  in  relation  to  the  genital  tract  of  the  female  elephant 

I.  Urinary  Organs. — The  Kidneys  resemble  in  all  essential 
points  those  previously  described.  The  dimensions  and  weight, 
though  greater,  are  similar  in  proportions,  if  Stukeley's  case  (1 6), 
where  the  length  of  the  kidney  was  3  ft.,  is  excepted.  Hie 
lobulation  is  similar  to  previous  cases  in  being  present  only  upon 
the  ventral  surface.  The  mmiberof  lobules  described  is  very 
variable :  Mayer  (9),  2 ;  Cuvier,  4 ;  ^  Watson  (20),  4, 5,  7  ;  Forbes 
(5),  8 ;  Hyrtl,  9 ;  ^  Von  Mojsisovics  (11)  and  Donitz  (3),  10.  The 
position  of  the  hilum  on  the  ventral  surface  agrees  with  previous 
observations. 

The  Ureters  arise  from  superior  and  inferior  groups  of  calices 
in  our  case  as  in  Mayer's  (19) ;  from  anterior  and  posterior  groups 
in  Miall  and  Greenwood's  (10)  and  Watson's  case  (20).  The 
course  and  relations  have  not  been  previously  noted,  except  in 
Watson's  case  (20).  The  opening  into  the  bladder  has  been 
similarly  described  by  previous  observers. 

The  Bladder  in  its  shape  and  relations  agrees  with  previous 
descriptions.  The  muscular  coat  was  thick  in  Mojsisovics'  (11) 
and  our  own  case;  the  submucous  coat  relatively  thicker  than 
the  muscular  in  Watson's  specimen  (20). 

Oiu"  account  of  the  Urethra  agrees  with  previous  descriptions. 

II.  Generative  Organs. — The  Ovary  resembles  in  all  essential 
features  the  description  and  figures  of  Chapman  (1),  Forbes  (5), 
Mayer  (9),  Miall  (10),  and  Watson  (17). 

Tlie  Fallopian  tubes  and  uterine  cornua  are  peculiar  in  two 
respects: — (1)  There  is  not  that  abrupt  and  definite  demarcation 
of  Fallopian  tube  from  cornu  in  our  specimen  that  is  shown  in 
the  examples  of  Cliapman,  Forbes,  Mayer,  Miall,  and  Watson. 
While  the  part  of  the  tube  in  relation  to  the  ovario-fallopian 
ligament  is  extremely  narrow  {^  inch),  it  blends  gradually  witli 
the  portion  of  the  tube  contained  within  the  broad  ligament 
proper,  and  is  not  to  be  distinctly  separated  into  fallopian  tube 

1  Quoted  by  Donitz  (8). 
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and  uterine  cornu.  (2)  The  other  feature  of  these  tubes  is  their 
extreme  length  (R  51,  L.  57  ins.).  In  Chapman's  example  (1), 
the  height  and  age  of  the  elephant  are  not  given ;  but  the  length 
of  the  urogenital  canal  (36  ins.)  indicates  that  the  animal  was  of 
considerable  size.  The  cornu  and  Fallopian  tube  in  his  case 
measured  only  32  inches — the  same  length  as  in  Perrault's  case 
(14) — (an  African  elephant  8  J  feet  high  and  eighteen  years  of 
age).  The  other  animals  dissected  have  been  much  younger  and 
smaller,  but  in  all  the  Fallopian  tubes  and  uterine  cornua  have 
been  very  much  shorter  in  proportion  to  the  total  length  of  the 
genital  apparatus. 

The  utervs  presents  certain  distinctive  characters: — (1)  it  is 
unilocular ;  (2)  it  is  separated  into  corpus  and  cervix  uteri ;  (3) 
it  is  separated  from  the  vagina  by  a  distinct  os  uteri. 

(1)  The  presence  or  absence  of  an  intra-uterine  septum  appears 
to  be  a  matter  of  the  greatest  variability.  Of  the  uteri  of  three 
African  elephants,  two  (Perrault  s  (14)  and  Chapman's  (1))  ex- 
amples are  unilocular;  one  (Forbes's  (5))  is  provided  with  an 
incomplete  septum,  4J  inches  in  length,  dividing  the  corpus 
uteri  into  two  parta  Of  the  uteri  of  seven  Indian  elephants, 
four  (Hunter's  (8),  Mayer's  (9),  Miall's  (10),  and  our  own) 
examples  are  unilocular ;  three  (Watson's  two  cases  (17, 18)  and 
Stukeley's  (16))  are  provided  with  partial  or  complete  septa. 
Altogether,  four  examples  are  provided  with  septa ;  six  are  uni- 
locular. Further,  in  three  cases  there  is  an  intra-vaginal  septum 
in  one  form  or  another.  In  Watson's  first  case  (17)  there  is  a 
completely  double  uterus  and  vagina.  In  Stukeley's  case  (16), 
while  apparently  the  os  uteri  is  the  mouth  of  a  single  cavity,  and 
the  intra-uterine  septum  is  almost  complete,  the  vagina  is  again 
partially  separated  into  two  by  an  independent  septum  in  its 
lower  part.  In  Miall's  case  (16)  the  uterus  is  unilocular,  and 
the  vagina  is  a  simple  canal ;  but  its  external  orifice  "  is  divided 
into  lateral  halves  by  a  thick  rounded  cord  covered  by  mucous 
membrane,  which  is  apparently  a  hymen."  This  cord  may,  in  the 
light  of  other  cases,  and  in  virtue  of  the  fact  that  another  struc- 
ture representing  the  hymen  appears  to  exist,  be  rather  regarded 
as  a  rudimentary  intra-vaginal  septum. 

(2)  Although  we  are  ignorant  as  to  what  part  of  the  uterus  is 
occupied  by  the  embryo,  it  is  important  to  point  out  that  the 


1 


600  PROFESSOR  A.  M.  PATERSON. 

uterine  cavity  is  distinctly  separable  into  corpus  and  cenix. 
The  corpus  uteri,  occupying  the  broad  ligament,  is  narrow  and 
smooth  in  its  interior ;  the  cervix,  lying  below  the  broad  liga- 
ment, is  much  more  capacious,  and  has  its  mucous  membrane 
thrown  into  longitudinal  folds  terminating  below  at  the  os  uteri. 
In  all  previous  obser\'ations  (except  "Watson's  (17))  the  lower 
part  of  the  uterus  is  unilocular.  Miall,  however,  is  the  only 
observer  who  has  previously  referred  to  a  dilated  lower  part,  and 
referred  to  it  explicitly  as  cervix. 

(3)  The  character  of  the  os  uteri  is  apparently  very  variable. 
In  this  case  it  was  prominent  and  circumferential.  In  Miall's 
case  it  was  in  the  form  of  anterior  and  posterior  crescentic  pro- 
jections. In  Watson's  first  case  (17)  it  was  in  the  form  of  two 
similar  lateral  projections.  In  his  second  case  (18)  it  was  "a 
slightly  puckered  constriction  admitting  the  passage  of  a  finger." 
It  appears  to  be  generally  present  in  some  form  or  other,  making 
a  clear  division  between  uterus  and  vagina.  The  Indian  elephant 
is  therefore  not  exceptional  in  this  respect,  but  resembles  other 
mammals,  and  differs  from  Hyena  croc^ita  (21).  The  voffiiia  is 
clearly  demarcated  from  the  uterus  by  the  os  uteri,  and  from  the 
xu^ogenital  canal  by  what  we  have  ventured  to  call  the  hymen. 
This  external  orifice  of  the  vagina  has  been  described  in  detail, 
as  there  are  extraordinary  differences  in  the  accounts  of  previous* 
observers.  Hunter,  who  calls  the  urogenital  canal  "  the  common 
vagina,  which  is  common  to  the  urine  and  penis,"  and  the  vagina 
proper,  the  "uncommon  vagina,  where  the  penis  cannot  enter," 
states  that  "  at  the  termination  of  the  proper  vagina  its 
cavity  contracts  at  once  almost  to  a  blind  end,  in  the  centre  of 
which  there  are  three  small  openings,  neither  of  them  larger  than 
a  crow-quill ;  the  two  lateral  of  these  lead  to  two  small  sacs, 
which  pass  a  little  way  along  the  sides  of  the  common  vagina. 
The  urethra  opens  into  the  very  beginning  or  fundus  of  the 
common  vagina;  the  middle  orifice  leads  into  the  uncommon 
vagina,  which  soon  dilates."  This  account  only  differs  from  ours 
in  the  fact  that  the  openings  of  the  lateral  pouches  on  either  side 
of  the  vaginal  orifice  are  directed  apparently  towards  the  vagina, 
instead  of  towards  the  urogenital  canal.  Forl)e8  and  Watson 
describe  the  pouches  exactly  in  the  position  of  those  in  our  case ; 
the  latter  compares  them  to  Gartner's  ducts.      He  describes  a 


GENITOURINARY  ORGANS  OP  FEMALE  INDIAN  ELEPHANT.        601 

cushion  of  mucous  membrane  separating  urethral  and  vaginal 
openings.  Perrault  figures  two  sigmoid  valves,  and  a  valve-like 
fold  separating  urethra  and  vagina.  This  agrees  with  Chapman's 
description,  which  states  that  the  vaginal  openings  "  can  be 
completely  cut  off  from  the  urogenital  canal  by  a  valvular  fold 
of  mucous  membrane,  of  somewhat  semilunar  shape,  about  2  J 
inches  in  breadth.  The  effect  of  this  fold  appears  to  be  to  pre- 
vent the  flow  of  urine  into  the  vagina."  Mayer  does  not  describe 
the  lateral  pouches,  but  figures  the  cushion  and  lateral  folds 
between  urethra  and  vaginal  orifices.  Miall  describes  neither 
fold  nor  pouches  In  our  own  case  there  is  between  the  urethral 
and  vaginal  openings  a  structure  which  might  be  described  as  a 
cushion  with  lateral  folds,  but  no  distinct  flap  or  valve,  and  on 
either  side  of  the  vaginal  openings  two  blind  pockets  are  formed 
by  the  valvular  folds  of  the  hymen.  These  are  intra-vaginal,  and 
do  not  pierce  the  wall  of  the  tube.  Owen  (8,  13)  has  described 
tliese  pouches  as  the  "  mucous  sinuses  or  canals  of  Malpighi," 
while  Watson  (17)  has  asserted  them  to  be  the  ducts  of  Gartner. 
Both  these  terms  apply  to  the  same  thing — a  remnant  of  the 
Wolfiian  duct.  They  are,  however,  really  sinuses  or  pouches 
formed  by  the  cusps  of  the  hymeneal  valve  (not  described  by 
previous  observers),  and  there  is  no  representative  of  the  Wolffian 
duct  present.  The  particular  interest  of  this  series  of  structures 
will  be  referred  to  again.  If  the  folds  referred  to  constitute  the 
liymen,  it  is  hard  to  believe  that  the  vagina  is  not  entered  by  the 
penis  of  the  male,  as  the  valvular  arrangements  at  the  beginning 
of  the  urogenital  canal  appear  to  be  specially  devised  for  the 
purpose  of  preventing  the  entrance  of  all  fluids  into  the  vaginal 
canal. 

TTte  muscles  of  the  urogenital  canal  have  necessarily  been 
only  imperfectly  described  in  the  foregoing  pages,  as  their  pelvic 
attachments  were  to  such  an  extent  divided.  What  we  have 
described  as  levator  ani  corresponds  apparently  to  the  external 
sphincter  of  other  observers.  In  their  cases  (c.ff.y  Watson's  (17)), 
the  true  external  sphincter  had  been  cut  away,  whereas  in  our 
case  it  is  present  along  with  this  muscle,  which  appears  to  have, 
from  its  insertions,  a  considerable  influence  in  drawing  upwards 
and  backwards  the  urogenital  canal,  perinseum,  and  rectum,  and 
so  helping  to  bring  the  vulva  in  near  proximity  to  the  anus. 
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llic  bulbo-cavcrnosus  muscle,  by  its  attachments,  would  appear  to 
aid  in  the  retraction  of  the  urogenital  canal ;  and  by  its  anterior 
fibres,  in  the  eversion  of  the  edges  of  the  vulva. 

The  position  of  the  vulva  in  the  elephant  has  led  to  the  forma- 
tion of  all  kinds  of  absurd  views  as  to  the  position  of  the  animals 
iu  sexual  intercourse.  In  our  specimen  it  was  placed  2  feet  in 
fi'out  of  the  anus,  and  in  front  of  and  between  the  thigha  There 
appears  to  be  not  only  a  possibility  but  a  certainty  that  in  the 
act  of  copulation  the  two  animals  occupy  the  usual  quadrupedal 
position.  The  action  of  the  levator  ani,  levatores  clitoridis, 
ischio-cavernosus,  and  bulbo-cavernosus  muscles  must  have  the 
effect  of  retracting  and  drawing  backwards  the  urogenital  canal, 
and  bringing  its  lumen  more  into  line  with  the  rectum.  Another 
question,  however,  is  even  more  difficult  Is  the  elephant's 
vagma  useless  as  a  sexual  organ?  The  examination  of  its 
opening  into  the  urogenital  canal  has  shown  how  difficult  the 
passage  of  fluid  would  be,  so  long  as  the  hymen  is  intact.  One 
doubts  if  John  Hunter's  dictum  can  be  accepted,  that  the  vagina 
is  the  uncommon  vagina,  into  which  the  penis  cannot  enter.  It 
is  not  known  in  what  part  of  the  uterus  the  embryo  is  developed ; 
and  there  is  no  authentic  account  of  the  dissection  of  the  gener- 
ative apparatus  of  a  female  elephant  that  has  borne  young.  The 
only  evidence  on  which  one's  views  can  be  based  is  also  very 
unreliable,  viz.,  the  length  of  the  penis.  Tlie  length  of  the  un>- 
.^euital  canal  in  our  case  was  36  inches;  the  greatest  length 
recorded  is  in  Perrault's  case  (14),  42  inches.  There  have  been 
recorded  three  observations  regarding  the  length  of  the  penis: 
I)u  Vernoi  (4)  described  one  weighing  80  lbs.,  and  6  feet  long ; 
Suply  (reported  by  Stukeley  (16))  describes  one  as  48  inches  in 
length,  from  an  animal  7  or  8  cubits  high.  In  Watson's  example 
(20)  the  length  of  the  penis  was  30  inches,  the  height  and  age  of 
the  animal  being  not  stated. 

l*utting  all  these  considerations  together,  one  concludes  that  it 
is  more  than  possible  that  impregnation  may  require  penetration 
of  the  vagina  by  the  male  organ,  and  the  destruction  of  the 
barrier  formal  by  the  liymen. 
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EXPLANATION  OF  PLATES  XIV.,  XV. 

Fig.  1.  Pelvic  viscera  and  muscles;  ^j^  natural  size.  B.L,  broad 
ligament.  Co,  U,  corpus  uteri.  Ur.,  ureter.  Bl.,  bladder.  Ce.  U(., 
cervix  uteri.  Fa.,  vagina.  Sph,  F,  sphincter  vesicae,  i?,  rectum. 
L.Ay  levator  ani.  S.Ey  sphincter  externum.  B,C,  1,  2,  3,  bulbo- 
cavernosus.  C/IG^.C,  urogenital  canal.  L.  CZ.,  levator clitoridis.  CI, 
clitoris.     An.y  anus.     Pei\,  periniBal  tissue.     Fw.,  vulva. 

Fig.  2.  Bladder,  urethra,  and  genital  passages  (muscles  removed) ; 
^\  natural  size.     Ure.,  urethra.     Bar.,  Bartholin's  glands. 

Fig.  3.  Bladder  {Bl.\  rectum  (J?),  and  genital  passages  in  mesial 
section;  ^jj  natural  size.  Ur.,  ureter,  i/y.,  hymen.  0^,  os  uteri. 
Gl.  CI.,,  glans  clitoridis.     Ure,,  urethra. 

Fig.  4.  Semi-diagrammatic  representation  of  fundus  of  urogenital 
canal;  ^  natural  size.  /  1-5,  folds  passing  from  urethral  opening 
(Ure.),  Va,y  placed  below  vaginal  opening.  H?/,,  placed  on  folds  of 
hymen.  The  arrows  point  to  the  pouches  (Malpighian  ducts  ?)  on 
either  side  of  hymeneal  folds. 

Fig.  5.  Dorsal  (posterior)  aspect  of  bladder,  and  floor  of  urethra 
and  urogenital  canal ;  \  natural  size.  Va,  O,  placed  below  vaginal 
opening :  pouches  on  either  side. 

Fig.  6.  Broad  hgament  (B.  L),  Ut.,  uterus.  R,  rectum.  Ov , 
placed  at  hilum  of  ovary.  CF.Lj  ovario-fallopian  ligament.  />./., 
diaphragmatic  ligament.  S,  ovarian  sac.  /,  Infundibulum.  Osf., 
ostium  abdominale.  Sec,  secondary  folds  of  broad  ligament,  ^s 
natural  size. 

Fig.  7.  Dissection  of  the  broad  ligament.  M,Af,  muscular  strata 
(cut).  Co.Ut,  corpus  uteri.  F,T,  Fallopian  tube.  O.F.L,  ovario- 
fallopian  ligament.  D.L,  Diaphragmatic  ligament.  Ov,,  ovary.  S, 
ovarian  sac.  /,  Infundibulum.  0,A,  ovarian  artery.  ^^  natural 
size. 

Fig.  8.  Comparison  of  observations  on  the  genital  tract  of  tlic 
elephant.  A,  Forbes.  B,  Chapman.  C,  Perrault.  D,  Watson  (1). 
Fj,  Watson  (2).  F,  Miall  and  Greenwood.  G,  Mayer.  H,  Stukeley. 
/,  Paterson  and  Dun.     J,  Hunter.     \  inch  to  foot. 

Fig.  9.  Diagrammatic  transverse  section  of  urogenital  canaL 
M,M,  mucous  membrane.  0.(7,  corpus  cavernosum  chtoridis.  C,  Sp,, 
corpus  spongiosum.     Er,,  erectile  tissue.     B.G,  bulbo-cavernosus. 

Fig.  10.  Vulva ;  \  natural  size.  Pr.,  prepuce.  Gl,  CI-,,  glans 
clitoridis.     Fr,,  frsena.     La.,  labia. 

Fig.  11.  Left  ovary  {Ov,);  f  natural  size.  S,  ovarian  sac.  /,  In- 
fundibulum. 08^.,  ostium  abdominale.  iiTe.,  ovarian  liilum.  0A,OV, 
ovarian  vessels. 

Fig.  12.  Left  kidney;  ^natural  size;  ventral  surface,  with  hilum. 
1,  superior;  2,  anterior  superior;  3,  anterior  inferior;  4  and  5,  in- 
ferior; 6,  posterior  inferior;  7,  posterior  superior  lobe.  Art,,  renal 
artery.     F.  F,  renal  veins.     Ur,,  ureter. 
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THE  DEVELOPMENT  AND  MORPHOLOGY  OF  THE  VAS- 
CULAR SYSTEM  IN  MAMMALS.  THE  POSTERIOR 
END  OF  THE  AORTA  AND  THE  ILIAC  ARTERIES.^ 
By  Alfrbd  H.  Young,  M.B.,  F.R.C.S.,  and  Abthur  Robikson, 
M.D.    Communieated  by  Sir  William  Tubnbr,  F.R.S< 

Though  numerous  observations  have  been  made  on  the  development 
of  the  systematio  aorta  and  on  the  aortic  arches,  including  their  modi- 
fications and  transformations  at  the  head  end  of  the  embryo,  but  little 
attention  has  been  given  to  the  development  and  modifications  of  the 
primitive  vessels  and  the  aortic  arches  at  the  caudal  end. 

The  statement  that  the  primitive  aortse  are  prolonged  backwards 
from  the  dorsal  region  into  the  tail,  and  that,  fusing  there,  they  foini 
a  caudal  aorta— the  middle  sacral  artery-— seems  to  be  generally 
accepted  by  embryologists.  Obviously,  if  this  view  is  correct,  the 
iliac  arteries  are  not  formed  from,  and  do  not  represent  any  part  of, 
the  primitive  aorts,  and  they  are  generally  regarded  as  being  seg- 
mental in  character. 

Previous  observations  on  the  comparative  anatomy  of  the  mam- 
malian aorta  and  its  terminal  branches  made  by  one  of  ourselves  in 
1891,  seemed  to  show  that  the  true  posterior  continuation  of  each 
primitive  dorsal  aorta  was  to  be  found,  not  in  the  middle  sacral  artery 
but,  in  the  iliac  and  hypogastric  trunks.  It  was  impossible,  however, 
to  arrive  at  any  satisfactory  conclusion  on  the  question  in  the  absence 
of  definite  and  precise  information  regarding  the  development  of  the 
caudal  end  of  the  aorta  and  its  branches. 

We  therefore  commenced  a  series  of  observations  on  the  develop- 
ment of  the  posterior  parts  of  the  main  systemic  vessels  in  the  rat, 
mouse,  ferret,  cat,  and  sheep.  In  the  first  three  of  these  the  sections 
examined  represent  a  fairly  complete  series  of  the  early  stages  of 
development.  In  the  cat  several  embryos  of  two  different  stages  were 
referred  to,  whilst  our  sections  of  sheep  embryos  represented  only  one 
stage  of  development. 

In  our  description  of  these  the  embryos  of  each  class  are  arranged 
in  groups  according  to  the  stage  of  development  of  their  arterial 
systems,  and  in  each  group  the  general  stage  of  development  is  indi- 
cated by  a  short  statement  of  the  condition  of  some  of  the  main 
organs. 

On  developmental  grounds  alone  the  following  conclusions,  which 
form  a  brief  summary  of  the  results  of  our  observations,  have  been 
arrived  at : — 

1.  The  primitive  aortae  are  paired  trunks  which  pass  at  either  end 
of  the  embryonic  area  into  the  vascular  network  on  the  wall  of  the 
yolk  sac. 

^  Abstract  of  a  paper  read  to  the  Royal  Society  of  London,  10th  Febiniary  1898. 
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2.  With  the  formation  of  the  cephalic  and  caudal  folds  each  primi- 
tive trunk,  at  first  almost  straight,  is  so  folded  in  front  and  behind 
that  a  dorsal  and  two  ventral  portions  with  uniting  caudal  and  cephalic 
arches  are  differentiated. 

3.  The  dorsal  part  of  each  tnmk  is  modified  in  the  cephalic  region 
into  vessels  of  the  head  and  neck ;  the  remainder  of  each  dorsal  por- 
tion fuses  with  its  fellow  of  the  opposite  side  to  form  the  greater  part 
of  the  systemic  aorta.  .  .. 

4.  The  cephalic  or  anterior  ventral  portions  are  converted  into  the 
lieart,  the  ventral  part  of  the  arch  of  the  adult  aorta,  and  vessels  of 
the  head  and  neck. 

5.  The  caudal  or  posterior  ventral  portions  either  fuse  together  to 
form  a  common  vitello-allantoic  stem,  as  in  rodents,  or  they  remain 
separate  and  form  the  ventral  parts  of  the  allantoic  arteries  as  in 
carnivores,  ruminants,  and  man. 

6.  The  ventral  and  dorsal  sections  at  first  are  united  anteriorly  by 
a  cephalic  arch  and  posteriorly  by  a  primary  caudal  arch.  Additional 
cephalic  arches  are  developed  subsequently,  to  be  afterwards  utilised  in 
the  formation  of  vessels  of  the  head,  neck,  and  upper  extremity,  and  of 
part  of  the  arch  of  the  aorta  of  the  adult,  whilst  additional  arches  in 
the  caudal  region  may  also  be  formed,  to  be  utilised  as  visceral  arteries. 

7.  The  dorsal  and  ventral  extremities  of  the  primary  caudal  arches 
remain;  the  dorsal  extremities  take  part  in  the  formation  of  the 
posterior  end  of  the  aorta  of  the  adult ;  the  ventral  extremities  arc 
utilised  in  the  formation  of  the  ventral  portions  of  the  allantoic  or 
hypogastric  arteries. 

8.  The  middle  parts  of  the  primary  caudal  arches  disappear  and  are 
replaced  by  **  secondary  "  caudal  arches  which  lie  to  the  outer  sides 
of  the  Wolffian  ducts.  In  rodents  and  man  the  secondary  arches  arc 
transformed  into  the  common  and  internal  iliac  arteries  and  the  dorsal 
parts  of  the  hypogastric  arteries,  whilst  in  carnivores  they  are  prob- 
ably transformed  into  the  posterior  part  of  the  adult  aorta  and  into 
the  internal  ihacs  and  dorsal  parts  of  the  hypogastric  arteries. 

9.  The  vessels,  which  are  to  be  looked  upon  as  the  posterior  con- 
tinuations of  the  primitive  aorta  in  the  adult  in  man,  rodents,  etc., 
are  the  common  iliac,  internal  iliac,  and  hypogastric  arteries,  and  in 
carnivores,  etc.,  the  internal  iliac  and  hypogastric  arteries. 

10.  The  common  internal  iliac  arteries  are  not  segmental  vessels  ; 
their  branches  may  be. 

11.  The  middle  sacral  artery  is  a  secondary  branch,  probably  repre- 
senting fused  segmental  vessels. 

12.  The  systemic  aortae  is  formed  from  the  following  parts  of  the 
primitive  vessels :  the  anterior  ventral  aorta,  the  fourth  left  cephalic 
aortic  arch,  the  fused  portions  of  the  primitive  dorsal  aortas,  and  iu 
some  mammals  the  fused  dorsal  ends  of  the  caudal  arches. 

The  permanent  adult  aorta,  in  so  far  as  it  is  formed  by  the  primi- 
tive dorsal  aortse,  ends  posteriorly  either  at  the  bifurcation  into  the 
two  common  iliac  arteries  or  at  a  point  corresponding  to  this  bifurca- 
tion, when  by  more  extensive  fusion  involving  the  dorsal  parts  of  tho 
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secondary  arches  there  are  no  common  iliacs,  and  the  external  and 
internal  iliac  arteries  appear  to  arise  directly  and  separately  from  the 
aorta.  In  each  case  the  continuity  of  the  primitive  aorta  is  inter- 
rupted, and  the  primary  caudal  arches  are  replaced  by  secondary 
caudal  arches,  after  which  the  continuations  of  the  aorta  are  represented 
by  the  vessels  into  which  the  secondary  caudal  arches  are  ultimately 
transformed. 

These  conclusions  are  further  supported  by  more  extended  observa- 
tions on  tlie  anatomy  of  the  posterior  end  of  the  aorta,  and  its 
terminal  branches  in  mammals,  and  on  the  abnormahties  they  present 
in  man,  a  general  account  of  which  is  included  in  the  memoir. 


Itolicjes  jof  ^tio  ^aolis. 


Traite  dee  Variatims  de  Sydeme  Mu$culaire  de  V Homme,  et  tear  Sitj- 
nification  au  Point  de  Vue  de  V Anthropdogie  Zoologique,  By 
Professor  A.  F.  Le  Double.     Paris :  Schleicher  Fr^res.     1897. 

Mmkeln  und  Periphere  Nerven  der  Pnmaten,  mit  besonderei*  Beriick- 
HclUigung  ihrer  Anomalien,  By  Dr  I.  H-  F.  Kohlbruoqe. 
Amsterdam:  Muller.     1897. 

Thb  literature  of  the  muscular  system  iii  man  and  other  vertebrates  i» 
extensive  but  unsatisfactory.  It  consists  chiefly  of  the  records  of 
dissections,  described  with  more  or  less  accuracy ;  but  concerning  the 
embryology  of  the  system  it  is  almost  perfectly  blank.  The  medical 
student  spends  nearly  half  the  time  that  he  allots  to  dissection  in 
cleaning  and  preparing  the  muscles  of  the  body  ;  but  these  structure!* 
have  been  passed  over  with  but  scant  attention  by  the  embryologist, — 
indeed  there  is  scarcely  a  muscle  in  the  body  whose  history  has  been 
fully  worked  out.  It  is  therefore  impossible  in  the  present  state  of 
knowledge  to  interpret  with  any  degree  of  definiteness  the  ontologies  1 
phenomena  which  have  been  described. 

The  variations  presented  by  the  muscles  of  man  are  numerous  an<1 
easily  observed,  hence  they  furnish  a  happy  hunting  ground  for  the 
younger  anatomist,  and  it  must  be  confessed  that  the  literature  of  t]ii.«< 
subject  deserves  the  criticism  passed  on  it  by  Professor  Cleland  as 
"  being  very  praiseworthy,  interesting  to  the  recorder,  very  dry  to  most 
other  people,  and  hitherto,  so  far  as  I  am  aware,  barren  enough  of  any 
conclusions.  So  much  the  more  credit  is  due  to  those  who  have 
worked  steadily,  in  faith  that  beauty  will  emerge  to  gild  their  results 
some  day.*' 

Even  from  a  purely  descriptive  standpoint  the  records  of  muscular 
anomalies  are  often  unsatisfactory  ;  it  is  only  in  the  later  literature  of 
the  subject  that  the  relation  of  the  nerve-supply  to  the  muscle  has 
been  recorded ;  in  the  majority  of  records  this,  which,  in  the  absence 
of  embryological  knowledge,  is  almost  the  only  morphological  criterion, 
is  not  noted.  In  this  connection  Kohlbrugge  remarks  with  much 
truth  that  the  descriptions  of  muscles  without  their  nerves  are  of  very 
little  value. 

Notwithstanding  these  imperfections  in  our  knowledge,  it  is  im- 
portant for  the  anatomist  that  he  should  know  what  variations  have 
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been  hitherto   described.      The  patient  and  painstaking  researches 
of  Professor  Le  Double  have  in  these  voliunes  put  within  our  reach  an 
easy  guide  to  the  prodigious  literature  of  this  subject.     The  learned 
Professor  of  Anatomy  in  Tours,  well  known  to  all  anatomists  as  the 
author  of  many  papers  on  this  subject,  has  put  us  under  a  deep 
obligation  by  giving  us  in  the  884  pages  of  his  two  large  volumes  a 
remarkably  full  bibliography  and  description  of  almost  all  the  varia- 
tions of  the  muscular  system  which  have  been  published  up  to  date. 
Life  is  too  short  for  most  of  us  to  do  much  of  this  sort  of  work  for 
ourselves,  so  our  debt  to  him  is  all  the  greater.     Only  those  who  have 
tried  to  do  a  little  laboXir  in  this  field  can  have  an  adequate  apprecia- 
tion of  the  stupendous  toil  involved  in  the  gathering  out  of  the  multi- 
farious and  polyglot   literature  of  the  last  three  centuries  all  the 
references  to  these  anomalies.     This  task  he  has  well  done,  for  not 
only  has  he  verified  his  references  and  quoted  as  far  as  possible  at  first 
hand,  but  in  cases  in  which  there  are  obscurities  in  the  works  of 
living  anatomists  he  has  endeavoured  to  obtain  from  the  authors  addi- 
tional details.     This  boot  should  be  in  the  library  of  every  practical 
anatomist,   and  in  the  laboratory   of  every  anatomical  school  for 
purposes  of  reference.     Until  the  time  comes  when  the  embryology  of 
the  muscular  system  has  been  investigated,  it  is  likely  that  this  book 
will  remain  the  standard  work  on  the  subject.     It  is  to  be  regretted 
that  Professor  Le  Double  has  not  given,  at  least  as  synonyms,  the 
names  of  the  muscles  proposed  by  the  international  committee.     It 
renders  reference  more  difficult  if  we  have  to  look  out  for  each  muscle 
under  an  imf  amiliar  vernacular  name.     This  difficulty  is,  of  course, 
only  felt  by  foreign  anatomists,  the  French  habit  being  to  use  French 
names,  a  practice  which  very  much  interferes  with  the  use  of  French 
books  of  anatomy  in  this  country ;  and  now  that  the  largest  number  of 
the  anatomists  of  the  civilised  world  have  agreed  on  a  common  system, 
it  is  desirable  that  all  should  adopt  it,  at  any  rate  as  a  system  of 
synonyms.     The  first  function  of  a  nomenclature  is  to  be  a  means  of 
enabling  others  to  know  at  once  of  what  we  are  speaking  or  writing. 
In  this  connection  we  may  observe,  in  reference  to  a  recent  attempt  at 
revision  of  muscle  names  proposed  in  this  Journal^  that  as  it  is  impossible 
to  frame  an  ideally  perfect  nomenclature,  the  best  we  can  do  is  to 
use  those  names  which  are  most  widely  known ;  and  he  who  intro- 
duces a  new  system  must  expect  to  have  his  writings  disregarded  by 
those  to  whom  its  unfamiliarity  is  a  hindrance  to  their  understanding 
his  exact  meaning.   It  is  better  to  use  an  arbitrary  nomenclature  which 
is  widely  known,  than  a  more  perfect  one  only  known  to  ourselves. 
This  difficulty  of  understanding  the  meaning  of  names  often  interferes 
with  our  appreciation  of  the  meaning  of  the  older  writers  on  account 
of  their  unfamiliar  and  faulty  nomenclature,  and  in  the  work  before 
us  we  have  some  illustrations  of  this.   Thus  in  the  case  of  the  mass  of  the 
scaleni,  Dr  Le  Double  notes  that  before  the  eighteenth  century  it  was 
described  as  constituting  one  muscle,  then  three  were  recognised,  and 
now  among  the  French  writers  only  two  are  usually  described.     It  is 
true  that  the  father  of  modem  anatomy,  Yesalius,  speaks  of  them 

VOL.  xxxii.  (n.s.  vol.  XTL)  2  R 
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as  one  mass,  the  third  muscle  of  the  ribs,  "  tertio  a  prima  thoracis 
costa  liberatoque,  transversis  cervicis  vertebrarum  inseratur  proceesi- 
bus,"  but  he  figures  separately  the  scalenus  anticus  in  PI.  8,  C,  and 
the  hinder  part  of  the  mass  ift  PI.  14,  N ;  he  also  speaks  of  it  as 
split  by  the  subclavian  artery.  Our  author  says  that  all  ftnatomists 
after  Riolan,  except  Chaussier,  recognise  the  tripartite  division,  but 
this  is  scarcely  accurate,  for  many,  such  as  Blancard,  Yerheyen, 
Cheselden,  Gibson,  etc.,  speak  of  one  scalene  muscle.  In  the  metrical 
myology  of  Sponius  we  read : — 

In  tereti  octonos  posuit  cervice  laoertos 
Artificis  motiiB,  aolertis  oura,  Promethei. 
Antrorsnm  collnm  bis-duplex  flectere  suetns, 
Niminim  Longiqua  duo,  totidcmque  Scaleni. 
Sublimant  oolluin  duo  congeneris  Spinati. 

And  the  same  author  in  his  poetical  "  crib  "  of  the  origin  and  insertion 
of  the  muscles  sjiys  : — 

Oostd  Scalenna  manat  e  primii  ordine, 
Sursiimqae  pergens,  omnibus  processibos 
Transversa  postis  spondylon  colli  ingruit. 

At  the  same  time,  Cowper,  Drake,  and  several  others  give  the  three 
muscles  as  at  present  described.  He  quotes  Winslow  as  describing 
only  two ;  but  this  author  expressly  says  that  the  first  is  always,  and 
the  second  sometimes,  divided.  Dr  Le  Double  scarcely  does  justice 
to  this  anatomist  in  connection  with  the  scalenus  pleuralis  by  saying 
"  il  a  douto  :  il  n*a  pas  su  a*il  avait  bien  vu."  But  Winslow's  words 
are  explicit  (p.  237), — "paroissoit  ensuito  a'allor  attacher  a  la  voCite  de 
la  plevre." 

These  are,  however,  but  mmor  matters,  and  only  illustrate  the 
difficulties  of  the  task  which  Dr  Le  Double  has  executed  so  well. 

The  method  of  the  work  is  simple :  he  takes  each  muRcle,  records 
all  its  varieties,  and  then  gives  a  short  account,  with  references,  of 
those  points  in  its  comparative  anatomy  which  illustrate  the  anomaly 
described.  A  work  like  this,  dealing  with  references  which  are  to 
be  reckoned  by  the  thou.sand,  is  not  easy  to  read  continuously ;  and 
the  student  will  naturally  turn  to  tho  last  chapter,  which  treats  of 
certain  general  considerations  on  the  subject,  such  as  the  racial  factor 
in  anomaly,  as  indicated  by  the  comparison  of  the  statistics  of  varieties 
published  in  different  countries :  tlie  relative  frequency  of  variations 
in  the  muscles  of  diiferent  regions :  the  basis  upon  which  a  morpho- 
logical classification  should  l»o  founded  :  and  tho  bearing  of  anomalies 
on  the  problem  of  atavism. 

On  the  first  of  these  subjects  our  knowledge  is  so  scanty  that  little 
of  definite  value  can  be  said,  but  all  the  available  information  is  given 
here.  With  regard  to  the  second,  from  the  statistics  given,  it  is  clear 
that  such  parts  as  have  the  greatest  range  of  diversity  in  use  are  those 
that  show  the  greatest  and  most  frequent  variation,  and  cicjft  venta. 

In  discussing  the  principle  on  which  a  classification  of  anomalies 
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should  be  founded,  it  is  evident  that  this  will  depend  on  the  hypo- 
thesis of  causation  which  is  adopted.  Some  authors  regard  the 
majority  of  anomalie^s  as  individualistic,  arising  from  the  action  of  the 
environing  influences  which  affect  the  growtli  and  development  of  the 
ovum.  Other.s,  like  Professor  Tostut,  regard  almost  all  as  due  to 
atavism.  Dr  Le  Double,  while  not  taking  such  an  extreme  view, 
considers  that  the  majority  are  due  to  reversion,  and  criticises  the 
individualistic  hypothesis  as  being  unphilosophical,  and  as  giving  too 
much  importance  to  individual  environment.  But  some  of  the  most 
characteristic  muscular  anomalies  cannot  be  explained  on  this  hypo- 
thesis,— for  example,  the  rectus  sternalis,  which  does  not  occur  in  any 
known  mammal ;  so  it  is  necessary  to  postulate  a  series  of  imaginary 
ancestors,  unlike  any  known  mammal,  in  that  they  possess  this 
muscle,  to  bring  it  within  the  range  of  the  hypothesis.  Some 
anomalies  are  obviously  local  overgrowths ;  others  are  due  to  local 
interruptions  of  nutrition;  others,  such  a,s  transpositions  of  viscera, 
while  admitting  of  an  easy  explanation  embryologically,  cannot  be 
brought  into  the  pm-view  of  atavism. 

Before  we  can  judge  between  these  two  theories,  it  is  necessary  that 
we  should  have  a  clear  idea  as  to  the  meaning  of  atavism,  which  is 
here  invoked  as  a  causal  force.  Dr  Le  Double  gives  a  number  of 
definitions,  but  they  do  not  help  much ;  and  it  remains  evident  that 
the  attribution  of  the  causation  of  anomalies  to  atavism  is  an  example 
of  the  argument  from  analogy,  and  is  liable  to  all  the  fallacies  which 
beset  reasoning  of  that  kind.  The  evolution  hypothesis  is  itself  at 
present  undergoing  an  evolution,  and  out  of  the  crude  proto-Darwinism 
there  is  emerging  a  more  philosophic  and  far-reachmg  theory, 
whose  ultimate  form  it  is  impossible  to  forecast.  What  bearing  the 
reconstructed  theory  may  ha^e  on  the  hypothesis  of  atavism  it  is  diffi- 
cult to  say,  but  there  are  some  weighty  words  on  the  subject  in  a 
paper  by  Emery  ("  Homologie  und  Atavismus  in  Liclite  der  Keimplas- 
matheorie  ")  in  the  Biologische  Centrdlhlatt  for  1897,  p.  344;  and  this 
author  comes  to  the  conclusion  that  it  is  an  unproved  assumption  that 
the  sporadic  development  of  structures,  of  which  there  are  no  traces 
in  the  normal  ontogenesis,  can  be  attributed  to  atavism. 

Dr  Kohlbrugge,  in  his  essay  on  atavism,  published  last  year  at 
Utrecht,  carries  this  limitation  of  atavism  still  farther,  and  considei's 
that  the  '  achselbogen '  is  the  only  muscular  anomaly  which  may  with 
any  reasonable  certainty  be  attributed  to  this  cause.  This,  perhaps,  is 
going  to  the  other  extreme. 

The  whole  subject  of  variation  is  at  present  being  considered  by  a 
Committee  of  the  Royal  Society,  and  we  await  their  report  with 
interest. 

The  work  by  Dr  Kohlbrugge  differs  in  scope  and  form  from  that  of 
Dr  Le  Double.  Its  author  is  known  as  the  writer  of  a  monograph  on 
the  anatomy  of  the  gibbons,  which  is  a  model  of  clearness  and  accu- 
racy. Tn  this  essay  he  briefly  reviews  the  muscular  system  of  the 
primates,  grouping  the  muscles  according  to  their  nervous  supply,  and 
taking  as  his  basis  of  comparison  the  myology  of  Somnupithecus  and 
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Hylobates,  which  he  has  had  exceptional  opportunities  of  studying. 
His  work  shows  that  muscular  anomalies  are  as  common  among 
monkeys  as  in  man,  a  fact  known  by  all  those  who  have  opportunities 
of  observing.  Considering  that  Dr  Kohlbrugge  is  a  resident  in  Java, 
far  from  libraries  and  those  other  aids  on  which  workers  in  European 
universities  are  accustomed  to  rely,  the  paper  is  remarkable,  and  will 
prove  useful  to  those  engaged  in  the  comparative  anatomy  of  man. 
It  is  probably  due  to  the  author's  distance  from  the  place  of  publica- 
tion that  the  text  is  disfigured  by  many  typographical  errors. 
.  The  standpoint  of  Dr  Kohlbrugge  is  exemplified  by  one  of  the  con- 
cluding sentences  of  his  paper  on  atavism,  "  Der  alte  Hyrtl  sprach  die 
prophetischen  Worte  " :— -"  Es  wird  eine  Zeit  kommen,  in  welcher  die 
Bedeutung  der  Yarietaten  der  Muskeln  besser  verstanden  sein  wird, 
als  jetzt,  wo  man  sie  nur  als  Curiositaten  zu  behandeln  geneigt  ist. 
Darwin's  Lehre  wird  in  den  Muskelvarietaten,  insofem  sie  Wieder- 
holungen  tierischer  Bildungen  sind,  eine  Hauptstiitze  finden.  So 
geschah  es  auch,  es  folgte  die  Aera  der  phylogenetischen  Betrachtung 
welche  im  Atavismus  gipfelte:  aber  da  heutzutage  alles  scbnell 
wechselt,  so  ging  auch  diese  vorbei.  Eine  neue  Zeit  bricht  heran,  die 
nach  den  Gesetzen  der  Yariationen,  nach  der  ontogenetischen  Aus- 
und  Umbildung,  nach  der  mechanischen  Nothwendigkeit  fragt." 

A.M. 


EDITORIAL  NOTE. 

While  the  Editors  of  this  Journal  do  not  intend  to  make  any 
considerable  change  in  its  form  or  scope,  they  desire  to  eflfect 
certain  improvements,  especially  in  the  matter  of  illustration,  as 
they  believe  that  the  value  of  anatomical  papers  is  enhanced 
when  they  are  adequately  illustrated.  They  hope  that  by  ex- 
tending this  department  the  interest  and  value  of  the  Journal 
will  be  commensurately  increased.  To  enable  them  to  meet  the 
additional  expenditure  on  the  cost  of  production  which  this 
will  render  necessary,  the  Editors  ask  the  co-operation  of  all 
who  are  interested  in  the  progress  of  Anatomy  and  Physiology  in 
extending  the  circulation  of  the  Journal.  They  have  learned  that 
there  are  many  public  libraries  in  Universities  and  other  scientific 
institutions  in  English-speaking  countries  in  which  the  Journal 
is  not  taken,  and  not  all  those  who  are  engaged  in  the  teaching  of 
these  sciences  are  numbered  among  the  subscribers;  and  they 
would  respectfully  ask  all  those  who  can  help  in  this  respect  to 
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aid  them  in  makiiig  this  Journal  a  worthy  representative  of  the 
progress  of  the  science. 

It  is  their  intention  to  publish  in  each  issue  a  record  of  the 
progress  of  some  branch  of  these  sciences, — not  a  mere  list  of  the 
names  and  titles  of  papers,  but  a  brief  review  of  the  contents  of 
those  that  are  of  importance.  In  order  to  aid  in  the  compilation 
of  these  reviews,  the  Editors  request  that  authora  will  be  good 
enough  to  send  copies  of  their  papers  to  the  Publishers  of  this 
Journal,  Messrs  Griffin  &  Co.,  Exeter  Street,  Strand,  W.C. 

The  Editors  also  intend  to  publish  a  series  of  papera  dealing 
with  the  History  of  Anatomy  and  the  cognate  sciences,  which  it 
is  hoped  will  prove  of  iutei-eet  to  those  engagetl  in  the  study  and 
teaching  of  these  branches  of  knowledge. 

The  Council  of  the  Anatomical  Society  have  prepared  complete 
Indexes  of  aU  the  volumes  of  the  Journal  hitherto  published,  and 
similar  Indexes  will  be  periodically  prepared,  which  cannot  fail 
to  be  of  use  to  those  interested  in  Anatomical  bibliography. 

The  Editors  will  spare  no  pains  in  doing  their  part  in  the  work 
of  the  production  of  the  Journal ;  but  they  wish  it  to  be  distinctly 
understood  that  they  disclaim  all  responsibility  for  the  matter  or 
opinions  set  forth  in  the  several  communications  which  are 
published. 

Communications  for  the  Journal  may  Ix?  sent  to  any  member 
of  the  editorial  stafP. 
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THE  SALIVARY  DIGESTION  OF  STARCH  IN  SIMPLE 
AND  MIXED  DIETS:  AN  EXPERIMENTAL  IN- 
QUIRY. By  W.  G.  AiTCfflsoN  Robertson,  M.D.  (Edin.), 
D.Sc.,  F.R.S.E. 

The  following  investigation  was  pursued  in  furtherance  of  pre- 
vious studies  in  the  same  field.  It  has  reference  chiefly  to  the 
normal  physiological  processes  which  take  place  in  starch  pro- 
teolysis, as  induced  hy  the  ferment  of  ordinary  mixed  human 
saliva. 

The  effect  of  ptyalin  on  starch  alone  has  been  for  long  well 
knovm.  Hitherto,  however,  no  extensive  series  of  observations 
have  been  made  on  amylolysis  by  ptyalin  in  mixed  diets.  To 
determine  the  question  whether  the  digestion  of  starch  is  affected 
favourably  or  unfavourably  by  its  admixture  with  other  articles 
of  food,  seems  to  me  to  be  of  immense  importance  as  regards  the 
selection  of  a  proper  diet  for  invalids  and  infants. 

To  know  which  is  the  most  easily  digested  form  of  bread ; 
whether  it  is  more  easily  digested  when  taken  alone  or  along 
with  some  other  article  of  food  or  drink ;  in  what  forms  potatoes, 
rice,  etc.,  are  most  digestible,  and  other  like  questions,  appear 
to  be  dietetic  problems  of  the  utmost  importance. 

It  is  of  interest  to  remember  that  the  largest  proportion  of 
proteid  matter  which  we  consume  is  of  vegetable  origin.  We 
are  thus  compelled  to  eat  a  large  amount  of  carbohydrate 
material  along  with  the  proteid. 

The  following  table  shows  how  little  proteid  matter  is  present 
in  flesh ;  and  consequently  the  smallness  of  the  amount  of  nitro- 
genous matter  which  we  obtain  in  consuming  the  ordinary 
quantity  of  flesh  is  evident. 
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Composition  of  Flesh. 

Ox.  Fowl 

Water, 77-60  77*30 

Solids, 22-50  22*7 

Soluble  albumin 2-20  3* 

Insoluble  albumin, 17'50  16*5 

Fat,  etc, 2*30  3*2 

It  is  a  common  observation  that  starchy  matters  are  fre- 
quently badly  digested  by  certain  individuals.  In  the  treat- 
ment of  this,  which  is  termed  'amylaceous  dyspepsia/  many 
forms  of  diastase  are  employed  as  digestive  agents,  viz. — ^malt, 
maltine,  malt  extracts,  taka-diastase,  etc.  Those,  it  is  said,  con- 
vert, much  more  energetically  than  ptyalin,  starchy  matters 
present  in  the  stomach.  Even  if  this  is  so  (and  it  is  extremely 
doubtful  whether  many  of  the  forms  of  malt  extract  have  any 
diastatic  action  on  starch),  it  is  certainly  most  undesirable  to 
have  large  quantities  of  sugar  produced  at  once  in  the  debili- 
tated stomach.  By  such  means  it  is  not  unlikely  that  we  dis- 
turb the  equilibrium  of  digestion  and  absorption,  and  render  the 
advent  of  fermentative  changes  easy.  If,  on  the  other  hand,  as 
happens  normally  in  nature,  the  starch  is  less  rapidly  converted, 
the  sugar  thus  produced  is  absorbed  slowly  into  the  portal  cir- 
culation. The  artificially  separated  diastase  of  malt  to  a  very 
large  extent  converts  starch  into  dextrins  and  maltose,  and 
hardly  any  into  glucose.  Such  a  proceeding  is  not  a  normal 
physiological  result,  and  we  could  hardly  imagine  that  the 
salivary  ferment  would  have  much  effect  on  such  product& 

At  best,  however,  these  agents  separated  from  malt  form  poor 
substitutes  for  those  produced  in  the  body  during  the  act  of 
digestion,  and  which  doubtless  vary  their  composition  according 
to  the  requirements  of  the  ingested  materiaL 

Besides  this,  it  is  well  known  that  malt  has  a  retarding  influ- 
ence on  proteid  digestion.  Thus,  in  partaking  of  a  mixed  diet, 
what  we  might  gain  in  rapidity  of  starch  conversion  through 
the  agency  of  malt  diastase  (a  doubtful  advantage),  we  lose  in 
the  delay  of  proteid  digestion. 

In  many  cases,  also,  where  such  preparations  of  malt  are 
given,  not  on  account  of  their  digestive  action,  but  as  foods  in 
constitutional  debility,  etc.,  they  give  rise  to  acidity,  nausea,  with 
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very  frequently  persistent  and  troublesome  itching  of  the  sldn. 
On  leaving  off  these  malt  preparations,  these  symptoms  soon 
disappear. 

Instead  of  this  (in  many  cases)  experimental  use  of  an  arti- 
ficial digestant  for  starch,  it  is  surely  far  better  to  study  the 
precise  action  of  the  salivary  ferment  itself  on  starchy  foods  in 
their  simplest  form,  as  well  as  in  more  complex  combinations. 
In  this  way  an  exact  dietary  could  be  drawn  out  for  each  case 
of  'amylaceous  dyspepsia.' 

In  other  papers  I  have  very  fully  entered  into  the  question  of 
the  digestion  of  starch  during  its  stay  in  the  stomach  and  in- 
testines :  I  therefore  pass  by  this  subject  of  the  digestion  of 
starch  by  the  gastric  juice  entirely,  merely  stating  that  the 
amount  of  starch  which  undergoes  conversion  by  the  normal 
acidity  of  the  gastric  juice  must  be  exceedingly  limited,  and 
that  the  gastric  juice  can  be  in  no  way  considered  as  a  digesting 
agent  for  starch. 

Secretion  of  Saliva. — This  is  said  to  amount  to  from  200  to  1500 
grammes  per  twenty- four  hours.  Bidder  and  Schmidt,  however, 
put  the  minimum  at  1000  grammes,  and  the  maximum  at  2000. 

I  have  investigated  this  in  my  own  case,  and  the  following 
are  averages  got  from  many  observations. 

Method  of  investigation. — I  carefully  weighed  the  quantity  of 
food  which  I  would  have  eaten  at  the  various  meals,  and  then 
proceeded  to  masticate  it.  Instead  of  swallowing  it,  however, 
it  was  put  out,  and  when  all  had  been  masticated,  again  care- 
fully weighed.  The  increase  in  weight,  of  course,  corre- 
sponded to  the  amoimt  of  saliva  added  during  the  process  of 
mastication. 

During  the  intervals  between  meals  the  saliva  which  would 
naturally  have  been  swallowed  was  carefully  collected  and 
measured. 

No  two  days  give  corresponding  results;  and  this  is  easily 
accounted  for,  because  different  foods  stimulate  to  a  greater  or 
less  degree  salivary  secretion :  not  only  so,  but  different  occupa- 
tions affect  it, — manual  labour  or  outdoor  exercise  lessening  the 
secretion,  while  sedentary  occupations  increase  it.  The  varying 
mental  conditions  also  markedly  modify  the  amount  secreted. 

Breakfast. — Supping  6  oz.  of  porridge  along  with  milk  leads 
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only  to  a  small  salivary  secretion,  not  amounting  to  more  than 
3  or  4  grammes.  The  porridge  is  quickly  swallowed,  and  thus 
little  opportunity  is  given  for  a  larger  admixture  of  saliva. 

After  eating  the  porridge,  bread,  butter,  and  cold  meat  to  the 
amount  of  5^  oz.  (  =  148'8  grammes)  were  chewed.  After  mas- 
tication it  was  again  weired,  and  showed  that  on  an  average 
46'5  to  50  grammes  saliva  had  been  secreted. 

Between  breakfast  and  dinner  (taken  at  1'30  pjl),  the  amount 
of  saliva  secreted  during  four  and  a  half  hours  amounted  to  from 
50  to  60  cubic  centimetres 

Dinner. — As  happened  with  porridge,  little  saliva  \&  added 
during  the  supping  of  soup.  During  the  mastication  of  7^ 
ounces  of  meat,  potatoes  and  rice,  10  to  15  grammes  saliva 
were  added ;  a  similar  amount  was  added  during  the  mastica- 
tion of  5  omices  of  milk  pudding. 

Between  dinner  and  tea  less  saliva  was  secreted  than  between 
breakfast  and  dinner,  and  the  amount  seldom  rose  above  50 
grammes. 

Tea, — The  process  of  masticating  bread  and  butter  along  with 
tea  produces  a  copious  secretion  of  saliva.  When  2f  ounces  of 
such  bread  and  butter  (toast)  were  masticated,  from  47  to  53 
grammes  saliva  were  added, — ^very  much  the  same  as  at  breakfast 

Between  tea  and  supper — sitting  reading  or  writing — from 
60  to  70  grammes  of  saliva  were  secreted. 

Supper. — 2\  ounces  of  plain  bread  and  butter  (  =  63*78 
grammes)  and  6  grammes  cheese,  when  masticated,  led  to  a 
production  of  from  40  to  45  grammes  of  saliva. 

Between  supper  and  bedtime  (9-11.15  p.m.),  from  30  to 
40  grammes  were  secreted. 

The  total  amomd  secreted  was  therefore,  on  an  average,  in 
my  own  case,  as  follows : — 

Breakfast, 49*5  to  54  grammes. 

Interval, 50  „  60 

Dinner, 20  „  30 

Interval, 35  „  55 

Tea, 47  „  53 

Interval, 60  ,,  70 

Supper, 40  ,,  45 

Interval, 30  „  40 

831-5         407 
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Making  all  allowances  for  any  loss,  we  find,  therefore,  that 
the  amount  of  saliva  secreted  per  twenty-four  hours,  in  my  own 
case,  seldom  exceeded  400  grammes. 

To  show  how  much  saliva  is  secreted  and  unconsciously 
swallowed,  I  made  the  following  observations  on  myself. 

The  salivary  secretion  was  collected  and  measured  during 
half  an  hour's  reading  after  partaking  of  breakfast  (of  porridge, 
milk,  tea,  and  fish),  and  it  amounted  to  35  grammes.  On  other 
occasions  it  varied  slightly^  but  never  fell  below  30  grammes. 

The  amount  collected  after  dinner  is  not  nearly  so  copious, 
amounting  to  from  35  to  55  grammes  in  two  and  a  half  to  three 
hours. 

After  tea,  on  the  contrary,  the  secretion  is  much  more 
copious,  varying  from  45  to  55  grammes  per  hour. 

After  supper  (cocoa,  toast,  biscuit)  the  salivary  secretion  was 
also  copious,  and  varied  from  30  to  40  grammes  per  hour  in 
many  cases. 

Agents  which  stimtdate  Salivary  Secretion. 

Hot  vHtter, — I  have  found  that  rinsing  out  the  mouth  with 
tepid  water  greatly  promotes  the  flow  of  saliva.  Within  certain 
limits,  the  warmer  the  food  or  drink  which  we  consume,  the 
greater  is  the  flow  of  saliva.  The  effect  of  this,  as  regards  the 
physiological  digestion  of  starch  in  the  stomach,  is,  of  course, 
apparent.  We  cannot  swallow  liquids  which  are  too  hot ;  and 
as  starch  proteolysis  is  most  effective  at  a  temperature  of  38° 
C,  it  is  readily  seen  how  rapidly  and  extensively  starch  must 
be  converted  when  the  amount  of  ptyalin  is  increased.^  Thus, 
though  tea  be  a  great  hindrance  to  starch  proteolysis,  from  the 
presence  of  tannin,  yet,  from  the  copious  flow  of  saliva  which 
it  induces,  we  rarely  meet  with  amylaceous  dyspepsia  as  a 
result  of  its  use. 

^  As  an  objection  to  this,  it  may  be  said  that  in  those  cases  of  copious  salivary 
secretion,  it  is  only  the  watery  constituent  which  is  increased,  the  ferment, 
ptyalin,  being  in  very  small  amount.  As  a  result  of  many  experiments  on  the 
amylolytic  power  of  saliva  collected  as  a  result  of  stimulation  by  different  forms 
of  food  and  drugs,  I  cannot  find  that  the  amount  of  ptyalin  is  at  any  time 
diminished  to  any  appreciable  extent  either  in  quantity  or  amylolytic  power. 
The  details  of  these  experiments  cannot,  however,  be  given  here. 
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Alcohol, — In  the  form  of  brandy  or  whisky,  alcohol  forms  a 
powerful  stimulating  agent  in  promoting  the  flow  of  saliva. 
Even  in  weak  dilution,  it  acts  energetically ;  but  the  stronger 
the  alcohol,  the  more  powerful  it  is  as  a  sialogogue. 

Wines. — Contrary  to  expectation,  these  do  not  promote  the  flow 
of  saliva ;  sherry  produces  a  more  abundant  secretion  of  mucus. 

Beer. — Bitter  beer  forms  a  powerful  sialogogue. 

Sugar. — In  the  form  of  sweets,  this  produces  a  copious  flow 
of  saliva.  No  doubt  this  is  in  part  due  to  mechanical  stimula- 
tion of  the  buccal  mucous  membrane.  It  is  also,  however, 
largely  the  result  of  stimulation  of  the  sensory  nerves  of  taste. 

Mechanical  irritation  of  the  buccal  mucous  membrane  by 
insoluble  substances  {e.g.,  quill,  pin,  etc)  forms  also  a  powerful 
sialogogue. 

Employment. — During  reading  or  writing  the  secretion  is 
much  more  abundant  than  while  performing  auy  ordinary 
mechanical  work  or  walking. 

The  following  table  (compiled  from  several  sources)  is  of 
interest  in  showing  the  relative  proportions  of  food  elements 
present  in  the  chief  forms  of  carbohydrate  food: — 


Water. 

Albumin. 

Carbohyd. 

Fats. 

Salts. 

Wheaten  flour, 

16 

11 

70-3 

2 

1-7 

Oatmeal, 

15 

12-8 

63 

5-6 

3 

Barley,    . 

15 

6-8 

74-3 

2-4 

2 

Rice, 

12-4 

7-4 

79-4 

0-4 

0-4 

Rye, 

15 

8 

78-2 

2 

1-8 

Maize, 

13-5 

10 

64-5 

6-7 

1-4 

Arrowroot, 

16-5 

0-8 

82-4 

••• 

0-19 

Potatoes, 

74 

1-5 

23-4 

... 

1-1 

Bread  (white), 

40 

8 

49-2 

1-5 

1-3 

Biscuit,    . 

8 

15-6 

73-4 

1-3 

17 

Peas, 

12-3 

26-7 

56-4 

1-7 

2-9 

Beans,     . 

12-6 

23-1 

59-2 

2 

8  1 

Tapioca,  . 

2 

0-68 

97-8 

•  ■  • 

0-2 

Macaroni, 

13-1 

9 

76-8 

0-3 

0-8 

Sago, 

12-8 

0-81 

86-1 

■  «• 

019 

Chocolate, 

12 

20 

10 

50 

4 

Apples  (canned),    . 

83-2 

0-2 

15-9 

0-4 

0-8 

Pears, 

83 

0-86 

16-3 

•.. 

0-31 

Bananas, 

•  •  • 

•  ■  • 

23-3 

•  •  ■ 

• 

Turnips, 

85 

2-95 

6-9 

0-2 

1-2 

Carrots,  . 

87-05 

1-04 

10-1 

0-21 

0-9 

Cabbage, 

89-9 

1-89 

6-2 

0-2 

1-2 

Melon,     . 

••  • 

••• 

2-5 

••• 

... 
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As  regards  the  richness  of  these  in  starch,  the  following  is 
the  order  :— 

Per  cent. 

1.  Tapioca, 97*8 

2.  Sago, 86-1 

8.  Arrowroot, 82'4 

4.  Rice, ....  79*4 

5.  Macaroni, 76*8 

6.  Barley,       .      • 74-8 

7.  Biscuit, 78-4 

8.  Rye, 78-2 

9.  Flour  (wheat), 70*3 

Method  of  Investigation. 

I  investigated  how  far  and  in  what  kind  of  manner  salivary 
digestion  proceeded  in  the  various  starchy  foods  after  they  were 
cooked  and  prepared  for  the  table. 

Ten  grammes  of  each  of  the  various  foods  were  accurately 
weighed  out,  placed  in  a  large  test-tube,  heated  to  38°  C; 
2  cubic  centimetres  of  mixed  human  saliva  ^  (filtered  to  remove 
mucus)  were  added.  A  series  of  these  tubes  was  prepared,  and 
the  whole  was  placed  on  a  water-bath  kept  at  a  uniform  tem- 
perature of  38°  C.  At  frequent  intervals  the  tubes  were  well 
shaken,  so  as  to  ensure  thorough  mixing  of  the  starchy  material 
with  the  saliva.  At  intervals  of  5, 10,  20,  30,  45,  60,  90, 120, 
150, 180  minutes  a  tube  was  removed,  and  the  condition  of  its 
contents  noted.  The  contents  of  the  tube  were  then  rapidly 
boiled,  to  prevent  any  further  amylolytic  action  of  the  saliva. 
The  sugar  was  then  extracted  by  repeated  washing  with  water 
and  filtering.  The  filtrate  was  made  up  to  a  definite  volume 
and  the  sugar  estimated  quantitatively  as  dextrose,  so  as  to  be 
comparable  with  the  dextrose  obtained  by  boiling  the  starchy 
material  with  dilute  acid.  Actually,  maltose  is  the  sugar  pro- 
duced in  greatest  amount  as  a  result  of  salivary  proteolysis,  and 
it  has  a  far  feebler  effect  in  reducing  Fehling's  solution  than  has 
dextrose  (the  proportion  being  65 :  100).  For  ease  in  com- 
parison all  the  sugar  produced  has  been  calculated,  however, 
as  dextrose. 

^  The  collection  of  saliva  was  always  made  in  the  evening,  as  Hofbaner  has 
shown  that  there  is  great  variation  in  the  composition  of  saliva  at  different  hours 
of  the  day  {ArchivfUr  die  gesammU  Physiologie,  1896-7,  Bd.  65,  p.  603-15). 


622 


DB  W.   G.   AITCHISOK  BOBEBTSON. 


I.  Ordinary  Whole  Rice. 

This  was  prepared  in  the  ordinary  way  by  boiling  until  quite 
soft.  A  watery  extract  showed  that  it  consisted  solely  of  un- 
changed starch,  with  practically  no  sugar.  Ten  grammes  of  this 
boiled  rice  were  mixed  with  2  c.c.  saliva,  kept  at  38*  C,  and 
examined  at  intervals  up  to  the  end  of  three  hours. 

When  10  grammes  of  the  rice  were  slowly  masticated,  the 
weight  was  increased  to  11'16  grammes,  showing  an  addition  of 
1*16  gramme  saliva.  This  was  examined  at  once,  as  also  after 
being  kept  at  38"  C.  for  thirty  minutes. 

When  10  grammes  of  this  boiled  rice  were  boil6d  for  ten 
hours  with  dilute  sulphuric  acid,  in  order  to  convert  the  whole 
of  the  starch  into  glucose,  it  was  found  that  2*92  grammes  of 
this  sugar  were  present.  We  may  therefore  take  this  figure  as 
the  standard  with  which  to  compare  the  degree  of  salivary 
digestion  during  the  various  periods  of  exposure. 

The  results  of  these  experiments  are  shown  in  the  following 
table : — 


Table  I. — Salivary  Digestion  of  Cooked  Rice — 10  grammes. 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

Starch. 

dextrin. 

dextrin. 

grammes. 

Cold-water  eztraot, 

all 

0 

0 

0 

0 

Converted  wholly, 

0 

0 

0 

0 

2  92 

Masticated,   .... 

nearly  all 

little 

trace 

0 

0-357 

Masticated,  then  80  min.  at 

88°  C. 

}y 

much 

fair  amt. 

little 

0-361 

2  cc.  saliva  at  88°  C.    6  min.. 

)* 

some 

small  amt. 

0 

0*156 

10    „ 

much 

much 

)f 

trace 

0156 

20    „ 

1} 

)) 

little 

»i 

0-315 

80    „ 

}i 

still  more 

good  amt. 

more 

0-322 

46    „ 

}i 

much 

much 

much 

0-344 

.,           60    „• 

it 

not  so  much 

still  more 

still  more 

0-393 

80    „ 

)f 

)> 

9i 

II 

0-454 

120    „ 

not  so  much 

still  less 

ii 

much 

0-520 

From  this  table  it  is  evident  that  the  action  of  mastication 
has,  as  one  would  have  thought,  caused  a  greater  degree  of  con- 
version of  the  rice  than  when  saliva  acted  on  the  whole  rice. 
In  the  process  of  chewing,  little  more  than  1  gramme  of  saliva 
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was  added,  whilst  in  the  artificial  digestion  2  grammes  were 
added.  The  degree  of  subdivision  of  the  grains  has  been  in  this 
case  the  cause  of  the  hastened  proteolysis. 

After  half  an  hour's  exposure  to  the  action  of  ptyalin  in  the 
test-tube,  only  about  one-ninth  of  the  rice  starch  has  been 
changed  completely  into  sugar:  this  is  within  the  usual  time 
during  which  the  salivary  ferment  is  active  in  the  stomach.  Of 
course,  besides  the  sugar,  soluble  starch  and  dextrins  have  been 
produced  likewise. 

II.  Ordinary  well-boiled  Porridge. 

m 

1.  A  cold-water  extract  shows  it  to  consist  of  unchanged 
starch,  with  practically  no  sugar. 

Ten  grammes  of  porridge  were  mixed  with  2  c.c.  saliva,  kept 
at  38"",  and  examined  at  varying  intervals,  as  shown  in  the 
table. 

When  masticated  slowly,  I'll  gramme  saliva  is  added  to  each 
10  grammes  porridge. 

Ten  grammes  porridge,  boiled  for  ten  hours  with  dilute  sul- 
phuric acid  to  convert  all  the  starch,  contains  1'03  grammes 
dextrose.  (This  is  equal  to  0'927  granmie  starch  which  has 
undergone  complete  conversion.) 

Tablb  II. — Salivary  Digestion  of  Porridge — 10  grammes. 


Cold-water  extract, 
Converted  wholly, 
Masticated,  .... 
Masticated,  then  80  min.  at 

38% 

2  cc.  saliya  at  88**  for  5  min., 

10 


>» 

» 

I* 
»t 


If 

II 

$9 
it 
it 
ft 
II 


20 
80 
45 
60 
90 
120 


II 
}} 
II 
II 
II 
II 
II 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

Starch. 

dextrin. 

dextrin. 

grammes. 

all 

0 

0 

0 

0 

0 

0 

0 

0 

1-03 

nearly  all 

little 

little 

0 

0-149 

tj 

much 

much 

trace 

0-265 

11 

much 

traces 

0 

0-115 

much 

II 

more 

0 

•128 

less 

not  so  much 

much 

traces 

•158 

some 

little 

It 

much 

•188 

If 

II 

II 

II 

•194 

II 

II 

II 

II 

•2 

little 

ff 

more 

more 

•211 

very  little 

very  little 

II 

II 

•226 
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In  this  case,  also,  mastication  has  been  productive  of  a  larger 
amount  of  sugar  from  the  starch  than  the  artificial  method. 
The  amount  of  soluble  starch  begins  to  diminish  after  twenty 
minutes'  digestion,  and  it  is  just  at  this  period  that  the  amount 
of  dextrins  increases  greatly. 

Before  proceeding  to  investigate  the  effect  which  the  addition 
of  milk  might  have  in  influencing  amylolysis,  I  made  the 
following  experiments  with  added  wat-er. 

Does  the  degree  of  dilution  of  the  starchy  medium  have  any 
effect  in  hastening  or  retarding  the  proteolysis  of  starch  ? 

III.  Pon^idge  with  an  equal  volume  of  Water  added,  correspond- 
ing to  thick  Chrud, 

Ten  grammes  porridge — 10  c.c.  water — thoroughly  mixed 
A  cold-water  extract  shows  only  the  presence  of  unchanged 

starch. 

Two  c.c.  saliva  were  added  to  10  c.c.  water  and  10  grammes 

porridge,  placed  at  38'  C,  and  examined  at  intervals. 

Table  III. — Salivary  Digestion  of  Porridge  with  an  eqtud  volume  of 

Water  added — 10  grms,  of  each. 


Cold  extract, 
Totally  converted, 
Masticated,   .... 
Masticated,  and  at  38**  for  30 
min.,         .        .        .        . 
2  CO.  saliva  at  38"*  for  5  min., 

10 


If 
11 

i> 


If 
If 
If 
It 
i» 
ft 
II 


20 
30 
45 
60 
90 
120 


II 
If 
If 
»f 
II 
II 
}i 


) 

Unchanged 
Starch. 

Soluble 
Starch. 

Eythro- 
dextrin. 

all 

0 

0 

0 

0 

0 

all 

0 

0 

some 

much 

small  amt. 

nearly  all 
much 

»f 

If 

II 

99 
fl 
II 

still  more 

larcer  amt 
still  more 
good  amt. 

If 

Uttle 

11 

If 
not  so  much 

•1 

still  larger 

Achroo- 
dextrin. 


0 
0 
0 

0 

0 

0 

traces 

II 

II 
fair  amt. 

II 
much 


Dextrose. 


0 
1-08 
0-172 

0-308 

0-153 

0-26 

0-263 

0-294 

0*303 

8-812 

0-335 

0-857 


Evidently  the  dilution  of  the  porridge  has  allowed  the  salivary 
ferment  to  act  more  readily  on  the  starch  contained  in  the  oat- 
meal ;  for,  in  every  case,  the  amount  of  sugar  formed  is  greater 
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than  when  saliva  acts  on  porridge  alone.  There  is  an  increase 
in  every  case  of  about  0-12  gramme.  Greater  quantities  of 
erythro-  and  achroo-dextrins  are  also  formed  in  the  dilute  solu- 
tion than  in  the  case  of  porridge  itself.  With  porridge  alone 
the  formation  of  soluble  starch  began  to  lessen  after  twenty 
minutes'  exposure  to  the  conversive  ferment ;  while  in  the  case 
of  the  watery  porridge,  soluble  starch  was  formed  up  to  the  end 
of  the  first  ninety  minutes.  The  digestion  of  starch  began  more 
rapidly  in  the  latter  case  also ;  for,  after  exposure  to  ptyahn  for 
ten  minutes,  0*26  gramme  dextrose  was  formed,  while  with 
simple  porridge  only,  0'128  gramme  was  formed  during  this 
period.  The  after  progress  in  the  dilute  solution,  however,  is 
not  so  marked  as  with  porridge  alone ;  for  in  the  present  case 
the  amount  of  dextrose  formed  between  the  intervals  of  five 
and  one  hundred  and  twenty  minutes  ia  only  0*09  gramme, 
while  during  the  same  interval,  in  the  porridge  alone  0109 
gramme  has  been  formed. 


IV.  Porridge  with  equal  volume  MUk. 

Ten  grammes  porridge  were  thoroughly  mixed  with  10  c.c, 
fresh  milk,  heated  to  38°  C,  and  then  2  c.c.  saliva  added.  The 
mixture  was  then  kept  at  a  uniform  temperature  of  38°  C.  for 
vai-ying  periods.  At  the  expiry  of  these,  the  condition  of  the 
starch  was  investigated,  and  the  fluid  boiled  to  stop  further 
amylolytic  action.  The  casein  was  coagulated  by  adding  one  or 
two  drops  of  acetic  acid,  and  the  sugar  washed  out  by  repeated 
washing  with  water  on  a  filter. 

The  amount  of  milk-sugar  normally  present  in  10  c.c.  milk 
was  carefully  estimated,  and  deducted  from  the  total  amount  of 
sugar  found  in  each  observation.  The  lactose  present  in  each 
10  C.C.  of  milk  amounted  to  0*406  gramme,  or  if  calculated  as 
dextrose,  0303. 


[Table  IV. 
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Tablb  rV. — Salivary  Digestion  of  Porridge  and  MUk — 

equal  volumes. 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

Starch. 

dextrin. 
0 

deztrin. 

grammes. 

Cold  water, 

•        • 

all 

0 

0 

0 

Wholly  converted, 

•        • 

0 

0 

0 

0 

1  OS 

Masticated,  . 

I        •        ■ 

all 

trace 

0 

0 

0-021 

Masticated,  and  at  SS"*  for  80 

mm. ,        . 

•        • 

much 

much 

fair  amt 

0 

0-247 

2  CO.  saliva  at  88° 

for  6  min., 

yy 

1 1 

Uttle 

0 

0-151 

II            II 

10    11 

II 

11 

good  deal 

trace 

0-197 

i>            II 

20    „ 

II 

little 

much 

much 

0-247 

II            II 

80    „ 

not  80  much 

less 

still  more 

still  more 

0-268 

II            II 

45    „ 

II 

very  little 

large  amt. 

large  amt. 

0-265 

II            »i 

60    „ 

11 

traces 

almost  all 

II 

0-292 

II            II 

90    „ 

91 

II 

II 

i> 

0-322 

II            II 

120    „ 

11 

II 

II 

II 

0-365 

Dilution  of  the  porridge  with  milk  has  in  this  case  also 
furthered  the  action  of  the  salivary  ferment.  Up  to  the  expiry 
of  ninety  minutes,  however,  the  amount  of  the  complete  conver- 
sion into  sugar  is  not  so  great  as  with  the  simple  dilution  with 
water.  With  the  porridge  and  milk  the  conversion  of  starch 
into  dextrins  is  much  more  rapid  than  in  the  watered  porridge. 
Before  the  lapse  of  twenty  minutes,  the  formation  of  soluble 
starch  decreases,  while  the  higher  dextrins  are  rapidly  and 
increasingly  produced. 

Towards  the  end  of  the  second  hour,  sugar  begins  to  be  formed 
much  more  rapidly  than  in  the  case  of  simple  dilution  with 
water. 

If  we  compare  this  table  with  that  of  the  digestion  of  porridge 
alone,  we  note  that  the  addition  of  milk  has  favoured  an  increased 
degree  of  conversion  of  starch.  In  both,  the  amount  of  soluble 
starch  begins  to  show  a  decrease  after  the  twentieth  minute. 

Erythrodextrin,  which  up  to  this  period  has  l^een  much  the 
same  in  both  cases  in  point  of  quantity,  now  rapidly  incre€U3es  in 
the  case  of  porridge  +  milk,  and  reaches  a  much  higher  amount 
than  in  the  case  of  porridge  alone.  The  same  occurs  with  ach- 
roodextrin ;  and  in  the  case  of  dextrose,  even  from  the  first  five 
minutes  there  is  an  excess  of  0*036  gramme  over  the  porridge 
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alone.  This  excess  gradually  and  steadily  increases,  until  at 
the  end  of  the  second  hour  the  porridge  +  milk  has  an  advan- 
tage of  0'139  gramme  dextrose  over  the  simple  porridge. 

V.  Salivary  Digestion  of  Corn  Flour. 

The  com  flour*  was  boiled  with  water  for  eight  minutes ;  a 
firm,  transparent  jelly  resulted. 

Table  V. — Salivary  Digestion  of  Com  Flour. 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

SUroh. 

dextrin. 

dextrin. 

grammes. 

Cold  extract, 

•        .        • 

all 

0 

0 

0 

0 

Wholly  converted, 

•        • 

0 

0 

0 

0 

0-902 

Masticated,  . 

.         •        . 

much 

much 

very  little 

0 

0-25 

Masticated,  and  at  38°  for  80 

w 

min., 

.        •        • 

trace 

II 

much 

trace 

0*844 

2  C.C  saliva  at  38° 

for  5  mln., 

much 

some 

0 

0 

0-26 

>i           II 

10    „ 

f  1 

much 

little 

0 

0*256 

II            If 

20    „ 

II 

II 

trace 

0*268 

II            II 

80    „ 

ft 

much 

more 

0*277 

11            II 

45    „ 

less 

still  more 

II 

0*290 

II            11 

60    „ 

II 

II 

II 

0-810 

II            II 

90    „ 

It 

II 

much 

0-88 

>i            11 

120    „ 

still  less 

11 

II 

0*378 

II            II 

160    „ 

BUiall  amt. 

less 

large  amt. 

large  amt 

0*884 

II            II 

180    „ 

trace 

very  little 

M 

II 

0-406 

At  the  end  of  three  hours'  artificial  digestion  not  one-half  of 
the  available  starch  has  undergone  complete  conversion  into 
sugar,  though  at  this  time  what  remains  has  been  almost  wholly 
converted  into  dextrins.  The  process  of  mastication  has  greatly 
hastened  conversion,  as  after  being  masticated  and  kept  at  SS''  C. 
for  thirty  minutes,  more  sugar  was  formed  than  was  produced 
by  ninety  minutes'  artificial  digestion. 

Com  flour  undergoes  a  rapid  and  fairly  complete  digestion 
within  even  the  first  three-quarters  of  an  hour ;  and  were  it 
diluted  further  with  water  or  milk,  the  rate  and  degree  of  con- 
version would  be  increased. 

VI.  Salivary  Digestion  of  Boiled  and  Powdered  Potatoes. 

The  potatoes  were  boiled,  then  forced  through  a  potato- 
masher  having  fine  holes.     They  were  thus  brought  into  a  much 
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finer  state  of  subdivision  than  is'  usual  even  after  the  mastica- 
tion of  a  potato.  In  this  way  the  saliva  had  ready  access  to  the 
starch. 


Table  VI. — Saiivary  Digestion  of  Boiled  and  Potodered  Potato — 

10  grammes. 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextroes. 

Starch. 

Starch. 

dextrin._! 

dextrin. 

grammes. 

Cold-water  extract, 

• 

all 

0 

0 

0 

0-08 

Wholly  converted, 

• 

0 

0 

0 

0 

3-04 

Masticated, 

•  1 

much 

&ir  amt. 

0 

0 

0-520 

Masticated,  and  at  38''  for  80  i 

min. , 

1 

• 

little 

0 

0 

much 

0-617 

2  cc.  saliva  at  88°  for  5 

min., 

much 

fair  amt 

fair  amt 

0 

0*423 

10 

}) 

11 

much 

very  much 

much 

0-427 

20 

II 

some 

11 

much 

II 

0-657 

30 

II 

11 

small  amt. 

.  11 

II 

0-667 

46 

>i 

>i 

II 

small  amt 

II 

0767 

60 

II 

»» 

very  little 

very  little 

good  amt 

0757 

90 

ti 

little 

trace 

trace 

fair  amt 

0-883 

n            ,»        120 

It 

•  > 

»» 

1  > 

II 

0-877 

„            *>        160 

» 

very  little 

merest  tr. 

none 

fi 

0-892 

n         180 

fi 

II 

ft 

•1 

It 

0-892 

At  the  expiry  of  three  hours'  artificial  digestion,  a  little  more 
than  one-quarter  of  the  starch  normally  present  in  cooked 
potato  has  been  wholly  changed  into  sugar.  In  the  case  of 
potato,  the  process  of  mastication  has  had  a  little  advantage 
over  simple  digestion  on  the  water-bath ;  but,  as  prepared,  the 
potato  was  finely  powdered,  and  so  freely  acted  upon  by  the 
added  saliva.  No  more  intimate  mixing  could  be  produced  by 
chewing.  That  the  starch  of  the  potato  thus  prepared  is  easily 
and  rapidly  acted  upon  by  the  saliva,  is  shown  by  the  fact  that 
after  having  been  simply  masticated,  a  fair  amount  is  rendered 
soluble,  and  0*520  gramme,  or  more  than  one-sixth  of  the  total 
starch,  changed  into  sugar. 

The  limit  of  possible  conversion  in  this  experiment  seems  to 
have  been  reached  in  from  two  to  two  and  a  half  hours.  After 
this  period  no  further  change  has  taken  place  either  in  the 
amount  of  sugar  formed  or  in  the  condition  of  the  starch  or 
dextrins. 
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Vll.  Salivary  Digestion  of  Boiled  Potatoes  merely  broken  into 
faagments,  to  represerU  wJiat  might  happen  during  masti- 
cation. 

Table  VII. — Salivary  Digestion  of  Boiled  Potato  (in  fragments). 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

Starch. 

dextrin. 

dextrin. 

grammes. 

Cold-water  extract, 

all 

0 

0 

0 

0 

Wholly  converted, 

0 

0 

0 

0 

3  04 

Masticated,   .        .        . 

much 

much 

faint  trace 

0 

0*298 

Masticated,  and  at  88°  for  80 

min.,        .... 

0 

0 

0 

much 

0-657 

2  c.c.  aaliya  at  88°  for  5  min.. 

much 

much 

present 

0 

0-277 

10    „ 

It 

It 

liUle 

trace 

0-46 

20    „ 

if 

It 

»> 

11 

0-454 

»i          30    „ 

tt 

it 

much 

much 

0-460 

45    „ 

*t 

It 

f} 

II 

0-494 

60    „ 

only  in 
lumps 

0 

)f 

}f 

0-476 

»            i>          90    „  , 

}i 

0 

i» 

If 

0-520 

120    „ 

tt 

0 

>i 

II 

0-548 

160    „ 

it 

l> 

i> 

II 

0-56 

.,            M         180    „ 

it 

It 

>f 

II 

0-561 

In  this  set  of  experiments  we  find  the  iodine  starch  reaction 
soon  giving  negative  results.  That  is  to  say,  that  the  saliva 
has  acted  on  the  smaller  particles,  and  has  converted  them 
wholly  into  achroodextrin  and  sugar.  The  same  had  occurred 
on  the  surface  of  the  larger  masses,  but  the  saliva  has  been 
unable  to  penetrate  the  larger  pieces  and  convert  the  starch 
inside  them.  Thus  we  have  at  an  early  period  all  the  easily 
.accessible  starch  changed  into  achroodextrin  and  sugar. 

Looking  over  the  column  showing  the  amounts  of  sugar  pro- 
duced by  the  artificial  digestion  by  saliva,  we  note  that  the 
figures  are  not  perfectly  progressive  with  the  length  of  time 
digested.  This  irregularity  is  easily  explained,  however.  The 
size  of  the  potato  fragments  was  by  no  means  uniform  in  the 
dififerent  test-tubes.  The  larger  fragments  were  consequently 
less  acted  on  than  the  smaller,  as  they  presented  a  relatively 
smaller  surface  to  the  digestive  fluid.  Thus  the  amount  of  sugar 
produced  was  less  in  some  tubes  than  in  others.  On  the  whole, 
however,  we  note  a  steady  enough  increase  in  the  amount  of 
sugar  produced. 
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It  is  more  interesting  to  compare  this  table  with  the  pre- 
ceding. We  notice  that  the  amount  of  starch  converted  in  the 
present  set  of  experiments  is  much  less  than  it  was  in  the  pre- 
ceding set  Thus,  after  twenty  minutes'  heating,  the  powdered 
potato  has  produced  0*657  gramme  sugar,  while  the  potato  in 
fragments  has  only  produced  0*454  gramme.  At  the  end  of  the 
third  hour  the  figures  are  0*892  against  0*561  gramme.  In  the 
case  of  powdered  potato  the  starch  has  almost  entirely  dis- 
appeared, while  in  the  present  case  it  is  yet  unconverted  in  the 
interior  of  the  larger  fragments. 

This  shows  how  very  important  the  mode  of  preparation  of 
such  an  article  of  food  as  potato  is.  There  can  be  no  doubt  but 
that  the  fineness  of  division  of  the  potato  hastens  its  digestion. 
Nor  is  it  practically  possible  to  masticate  an  ordinary  potato 
sufficiently  to  render  it  as  digestible  as  it  is  when  powdered 
artificially.  In  proof  of  this,  we  find  that  the  chewed  whole 
potato  when  examined  at  once  possessed  only  0*298  gramme 
sugar,  while  the  chewed  but  previously  powdered  potato  had 
0*520  gramme.  We  see  that,  after  having  been  kept  at  38°  C. 
for  thirty  minutes,  the  ordinary  masticated  potato  possesses 
0*657  gramme  sugar  in  contrast  with  0*617  gramme  sugar  in 
the  powdered  potato  treated  in  the  same  way.  This  apparent 
contradiction  is,  however,  explained  by  the  fact  that  I  purposely 
chewed  the  ordinary  whole  potato  more  thoroughly,  and  for  a 
long  time,  in  order  to  observe  how  much  sugar  could  be  pro- 
duced by  the  admixture  with  saliva  during  simple  mastication. 

Even  at  the  end  of  three  hours  we  cannot  say  that  the  potato 
(in  fragments  merely)  has  been  digested.  The  smaller  frag- 
ments have,  however,  been  dissolved,  but  the  larger  ones  have 
only  had  their  surface  acted  on  by  the  amylolytic  ferment. 
This,  then,  is  a  good  example  for  the  beneficial  results  which 
follow  from  a  proper  preparation  of  food  for  the  table. 

VIII.  Salivary  Digestion  of  Bread. 

This  was  ordinary  plain  bread  without  the  crust,  the  second 
day  after  baking,  and  crumbled  into  small  fragments. 

Ten  grammes  of  this  formed  too  bulky  a  quantity  to  deal  with. 
I  therefore  used  5  grammes  only,  and  to  this  2  c.c.  saliva  were 
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added.  Even  with  this  reduction,  the  bread  is  really  only 
moistened  at  one  spot,  and  at  the  end  of  three  hours'  heating  at 
3S^  C,  a  large  part  was  quite  dry  and  unacted  upon^  while  the 
fragments  which  were  moistened  had  become  quite  pulpy.  The 
results  of  this  series  of  experiments  are  consequently  so  irregu- 
lar that  I  need  not  detail  them,  merely  stating  that  the  irregu- 
larity was  due  to  the  unequal  and  localised  action  of  the  saliva 
on  the  bread  crumb. 

1.  When  5  grammes  bread  are  thoroughly  well  chewed,  the 
weight  increases  to  7 "74  grammes,  showing  that  274  grammes 
saliva  have  been  secreted  during  the  process  The  bread  then 
shows  the  presence  of  much  unchanged  starch,  along  with  some 
soluble  starch  and  erythrodextrin,  while  0*26  gramme  sugar  iB 
present. 

2.  When  5  grammes  bread  are  chewed  thoroughly,  and 
then  kept  at  38*  C.  for  thirty  minutes,  the  sugar  increases  to 
0'854  gramme,  and  while  much  unchanged  starch  is  yet  present, 
soluble  starch  and  erythrodextrin  are  present  in  much  larger 
amounts. 

3.  A  cold  watery  extract  of  5  grammes  bread  shows  that  only 
unchanged  starch  is  present,  along  with  a  very  small  amount  of 
soluble  starch,  and  sugar  amounts  to  0  042  gramme. 

Table  VIII. — Ordinary  White  Bread — 5  grm,  +  2  c.c,  saliva. 


Unchanged 
Starch. 

Soluble 
starch. 

Erythro- 
dextrin. 

Dextrose, 
grammes. 

Cold-water  extract, 
Masticated,  .... 
Masticated,  and  at  38°  C.  for 
30  min.,      .... 
Totally  converted, 

nearly  all 
much 

much 
0 

little 
some 

much 
0 

little 

much 
0 

0-042 
0-26 

0-864 
2-174 

This  shows  that  more  than  one-fifth  of  a  gramme  of  starch 
has  been  converted  by  simply  chewing  the  bread.  I  must,  how- 
ever, again  draw  attention  to  the  fact  that  the  mastication  was 
most  complete  and  deliberate,  and  not  the  incomplete  operation 
which  it  usually  is.  If  it  be  kept  at  the  body  temperature  for 
half  an  hour  after  being  well  masticated,  about  two-fifths  of  the 
whole  undergo  conversion  into  sugar. 

VOL.  xxxn.  (n.s.  vol.  xu.)  2  t 
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It  is,  however,  a  veiy  naiisiial  oocmrence  to  eat  dry  bread 
alone.  It  is  nearly  always  accompanied  by  some  fluid  or  beTer- 
age.  As  the  simplest,  I  ezpeiimeoted  with  water  in  ttie  first 
instance. 

EX.  Salivary  Digedion  of  Bread  Orumi  with  WaUr. 

Ten  cc.  of  water  (previonsly  heated  to  38°  C.)  were  mixed  with 
2  cc  of  ordinary  mixed  saliva  and  poured  over  5  grammes 
bread  crumb  (ahw  at  temperature  of  38*  C).  This  amount  of 
fluid  moistened  the  bread  thoroughly. 

Tablb  IX. — Salimxry  Dige^um  of  Bread  (Cyrnw.)  tdong  wUh  Water 
(10  cc). 


Cold-w»ter  Bstract,        .         . 

ae«rly  >11 

Uttle 

1 

0 

0412 

Totally  converted, 

0 

0 

0 

0 

2-171 

M»»tio»ted,  +  10o.o.  w»tar,    . 

niDch 

mDOh 

preuDt 

! 

0-606 

MuticaUd,  &od  >t  SS°  for  30  , 

min.,         .... 

little 

mnoh 

much 

0-708 

2  0.0.  ulin  Kt  38°  for  G  min., 

much 

pr^nt 

trace 

! 

0-289 

„             ..            10     .. 

much 

trace 

0-SS2 

■  20    .. 

preseat 

? 

0176 

80     „ 

goodamt. 

prwent 

0-671 

4G     M 

more 

„ 

0-63S 

,.        eo  „ 

docr^ng 

very  much 

Urge  mmt 

OTM 

eo  „ 

present 

0-72« 

,.         120    „ 

07M 

160    „ 

large"unt. 

0-769 

180     „ 

UttlB 

" 

Torj  ,.  » 

wry,,  „ 

0-848 

As  preceding  examples  have  demonstrated,  ao  does  this 
experiment,  that  a  proper  dilution  greatly  hastens  salivary  pro- 
teolysis. In  the  case  of  bread  chewed  alone,  only  026  gramme 
dextrose  resulted ;  while  when  chewed  with  10  ca  water,  0-505 
grammes  ore  produced,  or  ahnost  exactly  double  the  amount. 
Evidently  the  dilution  and  general  moistening  of  the  bread  pro- 
duces a  marked  rapidity  in  the  action  of  ptyalin,  for  after  having 
been  chewed  and  kept  at  38°  0.  for  thirty  minntes,  the  dilate 
saliva  has  produced  0-706  gramme,  while  during  the  same  period 
the  bread  chewed  alone  showed  that  the  pure  saliva  had  pro- 
duced 0-854  gramme  dextrose.    This  is  to  say,  that  the  dilate 
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Saliva  acted  more  rapidly  on  the  starch  of  the  bread,  but  that 
its  ultimate  efifect  was  feebler  than  that  of  the  pure  saliva  when 
allowed  to  act  for  a  certain  time.  Though  dilution  hastens 
amylolysis,  yet  it  would  seem  that  the  process  does  not  go  so 
far  in  the  production  of  sugar  as  when  pure  saliva  acts  on  the 
starch  of  bread ;  for  example,  at  the  end  of  three  hours'  artificial 
digestion,  0*849  gramme  sugar  has  been  produced  in  the  dilute 
solution,  while  1-33  grammes  dextrose  (or  more  than  one-half 
of  the  total  starch  present)  were  produced  by  the  action  of  2  c.c, 
saliva  on  5  grammes  bread  alone.  In  the  dilute  saliva,  however, 
very  little  unchanged  starch  remains  at  the  end  of  three  hours, 
for  nearly  all  has  been  converted  into  soluble  starch  or  dextrine. 
It  is  well  known  that  newly-baked  bread  is  indigestible.  Is 
this  shown  in  its  action  to  the  salivary  ferment  ? 


X.  Salivary  Digestion  of  Newly-baked  Bread  Crurrib, 

Five  grammes  newly-baked  bread  crumb;  10  c,c.  water  and 
2  C.C.  saliva ;  at  38°  C. 

Table  X.—  Salivary  Digestion  of  Netoly -baked  Bread  along  toith 

10  C.C.  Water, 


Unchanged 

Soluble 

Erythro- 

Achroo- 

Dextrose. 

Starch. 

Starch. 

dextrin. 

dextrin. 

grammes. 

Cold-water  extract. 

•             • 

nearly  all 

little 

? 

1 

0*042 

WhoUy  converted, 

•             • 

0 

0 

0 

0 

2-174 

Masticated,    . 

•             . 

much 

present 

present 

0 

0-384 

Masticated,  and  at  38**  C.  for  80 

min., 

• 

much 

qiuch 

much 

present 

0*742 

2  C.C.  saliva  at  38""  for    5  min.. 

II 

present 

mere  trace 

0 

0-884 

tt              tt 

10    ,1 

II 

fair  amt. 

little 

0 

0-610 

• 

20     „ 

much 

much 

little 

? 

0-637 

ti                      9» 

30     „ 

tt 

i> 

trace 

0-668 

If                      tt 

45    „ 

It 

&ir  amt. 

present 

0-704 

tt                      II 

60    „ 

II 

good  amt. 

II 

0-786 

II                       It 

90    „ 

not  so  much 

much 

II 

0-83 

»>                      f  > 

120     „ 

If 

II 

>» 

0-861 

i»                     II 

150    „ 

II 

II 

much 

0-867 

II                     II 

180    „ 

still  less 

not  so  much 

very  large 
amount 

very  large 
amount 

0-927 

Did  we  look  merely  at  the  result  of  chewing  on  this  freshly- 
baked  bread  (examined  immediately)  we  would  say  that  cer- 
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tainly  it  was  less  easily  digested  than  stale  bread;  for  only 
0*384  giamme  dextrose  results  in  the  one  case,  as  compared  with 
0'606  gramme  in  the  other.  This  is,  however,  not  borne  oat  by 
a  further  consideration  of  the  process  of  salivary  digestion.  lu 
fact,  all  through  we  find  that  the  newly-baked  bread  has  under- 
gone a  more  rapid  and  extensive  change  than  the  staler  bread. 
In  the  freshly-baked  bread  the  starch  granules  will  still  be  in  a 
moist  condition,  and  so  more  readily  acted  upon  by  the  saliva 
than  in  the  second  day's  bread,  which  has  undergone  a  partial 
drying,  so  rendering  the  starch  granules  less  easy  of  amylolysis. 

We  can  easily  account  for  the  apparent  difficulty  in  recon- 
ciling the  fact  that  less  sugar  is  produced  by  chewing  the  fresh 
bread  than  by  chewing  the  old.  When  we  try  to  crumble  freshly- 
baked  bread  it  will  hardly  do  so,  but  becomes  sodden  and  doughy. 
The  same  results  appear  during  the  process  of  mastication. 
Thus  the  saliva  acts  less  rapidly  on  this  doughy  mass  than  on 
the  separate  cmmbs  of  stale  bread.  This  sodden  condition  does 
not  persist  long  when  the  bread  is  exposed  to  moisture.  It  soon 
swells  up  and  starch  digestion  proceeds  rapidly,  as  is  shown  by 
the  fact  that  when  chewed  and  exposed  to  the  action  of  saliva 
for  30  miimtes,  0*742  gramme  sugar  is  produced  from  the  newly- 
baked  bread,  as  compared  with  0706  gramme  from  the  stale 
bread. 

The  bread  crumb  of  newly-baked  bread,  though  more  compact 
than  that  of  stale  bread,  rapidly  absorbs  the  fluid,  and  swelling 
up,  the  still  moist  starch  granules  become  easily  acted  upon  by 
the  proteolytic  ferment.  In  this  way  we  haVe  a  rapid  and 
extensive  change  of  starch. 

It  therefore  does  not  appear  as  a  result  of  these  experiments 
that  newly-baked  bread  is  less  easily  digested  than  stale  bread. 
They  rather  prove  the  reverse,  so  far  as  salivary  digestion  alone 
is  concerned. 

XL  Salivary  Digestion  of  the  OtUside  Crust  of  Stale  Bread. 

The  crust  of  bread  is  popularly  believed  to  be  more  nutritious 
and  easily  digested  than  the  crumb,  as  the  starch  has  undergone 
dextrinisation  through  the  heat?  Is  this  borne  out  in  its 
behaviour  to  the  salivary  ferment? 
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Table  XL — Salivary  Digestion  of  Crust  of  Bread — 5  grammes 

crust,  10  cc.  water,  2  cc.  saliva. 


Unchanged 

Soluble 

ErythrO' 

Achroo- 

Sugar. 

Starch. 

SUrch. 

dextrin. 

dextrin. 

grammes. 

Cold-water  extract, 

much 

much 

trace 

•  •  • 

0  066 

"Wholly  convertedi 

0 

0 

0 

0 

8  03 

Masticatedi  .... 

much 

much 

trace 

.  • . 

0-744 

Masticatedi  and  at  38°  for  80 

mm.|         .... 

fi 

II 

fair  amount 

t 

1-0 

2  cc.  saliva  at  SS"  for     5  min. , 

II 

II 

good  amt. 

trace 

0-267 

10    II 

II 

II 

i> 

f> 

0-276 

20    „ 

)i 

II 

much 

present 
fair  amt. 

0-316 

80    .1 

II 

I. 

If 

0-474 

46    „ 

II 

II 

II 

II 

0-6 

60    „ 

II 

less 

ti 

II 

0-642 

II            90    1, 

less 

little 

II 

much 

0-688 

120     ,1 

present 

II 

not  so  much 

i> 

0-649 

160     „ 

II 

very  little 

less 

•  1  . 

0*681 

180    „ 

II 

If 

trace 

II 

0-718 

These  products  of  digestion  filtered  with  extreme  difficulty, 
owing  to  the  amount  of  gummy  dextrin  present. 

The  crust  of  bread  does  contain  a  large  amount  of  dextrin, 
but  it  does  not  seem  to  undergo  much  higher  conversion  under 
the  influence  of  ptyalin.  After  three  hours'  artificial  digestion 
not  one-quarter  of  the  available  sugar  has  been  formed  from 
starch  in  the  case  of  crust;  while,  in  the  same  period,  with 
newly-baked  bread  almost  one-half  of  the  available  sugar  was 
formed  from  starch.  During  the  process  of  digestion  soluble 
starch  and  erythrodextrin  have  been  converted  into  achroo- 
dextrin  to  a  large  extent,  but  little  of  the  latter  becomes 
changed  into  reducing  sugar.  On  account  of  the  presence  of  so 
much  soluble  starch  and  dextrins  and  to  their  easy  transforma- 
tion into  higher  varieties,  the  crust  of  bread  is  thus  perhaps 
more  easily  assimilated  than  ordinary  bread  crumb. 

Does  the  structure  of  bread  modify  its  reaction  to  the  salivary 
ferment  ?  That  is  to  say,  if  the  bread  is  lighter  in  consistence 
or  more  porous,  is  it  more  easily  digested  ? 

In  order  to  determine  this,  I  took  a  very  spongy  variety  of 
bread,  known  as  Vienna  bread,  and  subjected  it  to  the  same 
set  of  experiments  as  had  previously  been  carried  out  with 
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ordinary  stale  bread     It  is  not  usual  to  eat  this  bread  stale, 
but  for  purposes  of  comparison  it  was  tried 


XIL  Salivary  Digestion  of  Stale   Vienna  Bread — ^5  grammes 
tread,  10  cc.  loater,  2  ce,  saliva,  at  38°  C, 

Tablb  XII. — Salivary  Digestion  of  Stale   Vienna  Bread  compared 
with  stale  ordinary  bread  in  respect  to  amount  of  Sugar  formed. 


Un- 
changed 
Starch. 

Stale 

Soluble 

Erythro- 

Achroo- 

Sugar. 

Ordinary 

• 

Starch. 

deztrin. 

dextnn. 

grammes 

Bread. 
Sugar. 

Masticated,  . 

•        ■        • 

much 

much 

mnch 

&ir  amt 

0*595 

0-505 

Masticated,   and  at  88°  for  30 

inin«, 

•        •        • 

If 

mnch 

0-764 

0706 

2  cc.  saliva  in 

•      5  min., 

fair  amt. 

present 

0-55 

0-289 

10      „ 

mach 

f  • 

0-572 

8-382 

80      „ 

ft 

fi 

0-595 

0-574 

60      „ 

f  f 

)f 

0-73 

0-704 

120      „ 

fi 

much 

0-781 

0-746 

180      „ 

}f 

>f 

0-835 

0-849 

Before  making  any  remark,  I  will  give  the  results  of  experi- 
ments with  new,  freshly-baked  Vienna  bread.  This  is  very 
light  in  texture,  and  even  when  chewed  does  not  become  sodden 
like  ordinary  bread 


XIIT.  Salivary  Digestion  of  New  Vienna  Bread — 5  grammes 
bread,  10  cc.  waier,  2  cc,  saliva,  at  38°  C. 

New  Vienna  Bread, — As  was  to  be  expected,  there  was  a 
greatly  increased  degree  of  conversion  in  the  case  of  this  spongy 
bread.  This  is  shown  both  as  a  result  of  chewing  and  also  of 
simple  artificial  digestion  by  ptyalin.  "We  note,  however,  that 
this  increased  degree  of  conversion  persists  oidy  during  the  first 
two  hours.  At  the  end  of  the  second  hour  more  sugar  has  been 
formed  from  the  ordinary  bread  than  from  the  Vienna,  and  this 
goes  on  increasing  during  the  third  hour. 
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Tablb  XIII. — Salivary  Digtistion  of  New  Vienna  Bread  compared 
with  stale  ordinary  bread  in  respect  of  amount  of  Sugar 
formed. 


Un- 
changed 
Starch. 

Ordinary 

Soluble 

Erythro- 

Achroo- 

Sugar. 

New 

Starch. 

dextrin. 

dextrin. 

grms. 

• 

Bread. 
Sugar. 

Masticated 

much 

maoh 

fairamt. 

••• 

0-70 

0-384 

Masticated,  and  at  SS**  for  30 

. 

nun.,         .... 

much 

much 

0-847 

0-742 

2  C.C.  salira  at  38**  for  5  min., 

some 

? 

0*465 

0*884 

10    „ 

>t 

! 

0*579 

0-510 

80    „ 

much 

much 

0-704 

0-668 

60    „ 

II 

$t 

0-746 

0786 

..        120    „ 

11 

II 

0-770 

0-851 

M        180    „ 

»» 

fi 

0-888 

0-927 

Staie  Vienna  Bread, — The  results  in  this  case  are  very  similar 
to  those  found  in  the  new  Vienna  bread,  excepting  that  it  is  not 
until  the  end  of  the  third  hour  that  the  ordinary  bread  (stale) 
gains  on  the  porous  bread  in  respect  to  the  amount  of  sugar 
produced. 

The  lightness  of  the  bread,  therefore,  is  only  of  use  in  increas- 
ing the  rapidity  of  starch  conversion,  and  not  in  helping  to 
increase  the  total  amount  of  sugar  formed. 

What  effect,  if  any,  have  some  of  the  usual  concomitants  of 
bread,  as  butter  or  cheese,  on  amylolysis  of  starch  by  ptyalin  ? 
This  seemed  an  interesting  question  to  solve.  I  therefore  give 
the  results  of  these  experiments. 


XIV.  Salivary  JDigestion  of  Bread  and  Butter, 

Three  grammes  of  salt  butter  were  thoroughly  mixed  with 
five  grammes  of  stale  bread  crumb ;  10  cc.  water  +  2  c.c.  saliva 
were  added,  and  all  was  kept  at  SS""  C. 
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Table  XIV. — Salivai'y  Digestum  of  Bread  and  Butter — 5  grms, 

bread,  3  grms.  butter,  10  c.c.  water. 


Un- 
changed 
Starch. 

Soluble 
Staroh. 

Erythro- 
dextrin. 

Achroo- 
dextrin. 

Sugar, 
grms. 

Bread 

and 

Water 

alone. 

Watery  extract,    . 
Totally  converted, 
Masticated,  .... 
Masticated,  and  at  38°ibr  80 
min.,        .... 
2  c.c.  saliva  at  38"*  for  60  min., 

120    „ 
*i            it         180    tf 

nearly  all 

0 

much 

ft 
If 
it 
it 

little 

0 
much 

If 
»' 
>i 

0 

0 

some 

much 
?      . 
fair  amt. 

0 
0 
? 

much 

0 
present 

II 

0-042 
2-174 
0-428     . 

0*68 
0-694     ' 
0-724 
0-845 

0-505 

0-706 
0704 
0769 
0*849 

There  is  a  close  parallelism  between  the  results  of  this  ex- 
periment and  those  obtained  from  plain  bread  and  water. 
Butter  is  not  at  all  a  stimulus  to  salivary  secretion,  and  so  the 
amount  of  starch  conversion  is  even  less  in  the  case  of  bread 
and  butter  than  it  is  in  the  case  of  plain  bread  and  water. 

The  addition  of  butter,  therefore,  to  bread  has  little  or  no 
effect  on  amyloljrsis  by  ptyalin. 

XV.  Salivary  Digestion  of  Bread  and  Cfheese. 

Four  grammes  of  ordinary  cheese  in  small  fragments  were 
mixed  with  5  grammes  of  stale  bread  crumb  and  10  c.c  water, 
together  with  2  c.c.  saliva,  and  kept  at  SS""  C. 

Tablb  XV. — Scdivary  Digestion  of  Bread  and  Cheese — cheese 
4  grms,y  bread  6  gnns, ,  water  10  ex. 


Un- 

changed 

Starch. 

Soluble 
Starch. 

little 

0 
much 

II 
fi 

^' 
It 

Erythro- 
dextrin. 

Achroo- 
dextrin. 

Sugar, 
grms. 

Bread 

and 

Water 

alone. 

Cold-water  extract, 
Wholly  converted. 
Masticated,           .        .        .  ; 
Masticated,  and  at  88''  for  80  ' 

min.,         .... 
2  C.C.  saliva  at  38°  for  60  min., 
It            ,,         150    „      1 
180    „ 

nearly  all 

0 

much 

n 
II 
II 
If 

0 

0 

some 

much 

some 

fair  amt. 

much 

0 

0 

some 

much 

? 
some 
much 

0-042 
2*174 
0756 

0-808 
0-644 
0-737 
0-83 

1   0-505 

'   0706 

i  0  704 

,   0769 

0-849 
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As  regards  artificial  digestion,  the  addition  of  cheese  seems  to 
have  had  little  or  no  effect  on  salivary  amylolysis.  If  we  had 
expected  a  more  rapid  conversion  of  starch  as  a  result  of  chew- 
ing, we  have  not  been  disappointed.  The  cheese  has  caused  an 
increased  flow  of  saliva,  and  as  a  result  an  increased  conversion 
of  starch.  Apart,  therefore,  from  the  consideration  of  its  digesti- 
bility, cheese  has  a  helpful  action  in  promoting  starch  proteoly- 
sis, owing  to  its  directly  stimulating  effect  on  the  salivary  glands. 

Effect  of  Fluid  Foods  on  Digestion  of  Starch  by  Saliva. 

In  order  to  investigate  this  I  took  as  examples  of  very  com- 
mon foods  milk  and  broth,  and  noted  the  reaction  of  the  starch 
to  ptyaliu  when  either  of  these  was  added. 

XVI.  Salivary  Digestion  of  Bread  and  Milk, 

Five  grammes  of  stale  bread  crumb  were  added  to  10  c.c. 
fresh  milk  together  with  2  c.c.  saliva.     This  was  kept  at  38"*  C. 


Table  XVI. — Salivary  Digestion  of  Bread  and  Milk — 5  grins. 

bread,  10  c.c.  milk,  2  c.c.  saliva. 


Un- 
changed 
Staitih. 

Soluble 
Starch. 

Erythro- 
dextrin. 

Achroo- 
deztrin. 

Sugar, 
grms. 

w 

Bread 
1     and 
'  Water. 

Sugar. 

Masticated,  .... 

Masticated,  and  at  38°  for  80 

mln.,         .... 

2  C.C.  saliya  at  SB""  for  5  min., 

10    „ 
11            M            80     „ 
»i            fj            CO     ,, 

120    „      , 
II            II          180    „ 

much 

II 
nearly  all 

much 

II 
ti 
II 
11 

much 

II 
some 

more 

much 

II 

II 

II 

some 

much 

traces 

more 

fair  amt. 

II 
II 
II 

? 

some 
0 
t 
11 
II 
II 
II 

0-152 

0-621 

0 
0-083 
0-197 
0-492 
0-561 
0-671 

0-505 

,    0-706 
!    0-289 
0-382 
0-674 
0-704 
0-746 
0-849 

In  arriving  at  the  above  estimations  of  sugar,  the  amount  of 
lactose  present  in  10  c.c.  milk  was  first  determined,  and  this 
amount  was  subtracted  from  the  subsequent  estimations. 

The  addition  of  milk  to  bread  causes  a  remarkable  enfeeble- 
ment  of  the  salivary  ferment.  During  practically  the  first 
twenty  minutes  no  conversion  of  starch  takes  place.     After  this 
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period,  however,  the  change  goes  on  fairly  rapidly,  though  it 
never  by  any  means  attains  to  that  produced  when  water  alone 
is  taken  along  with  bread. 

Milk  has  therefore  a  retarding  effect  on  the  salivary  ferment, 
and  at  the  same  time  lessens  its  converting  power. 

XVIL  Salivary  Digestion  of  Broth  and  Bread, 

Amongst  our  working-class  population  this  is  a  very  common 
(very  often  the  sole  midday)  article  of  diet.  It  consequently 
seemed  an  interesting  experiment  to  investigate  in  what  manner 
the  addition  of  broth  might  affect  the  digestion  of  starch  by 
ptyalin. 

The  broth  was  made  of  meat  and  rice,  but  only  the  clear  fluid 
was  used  in  the  experiments. 

Ten  c.c.  of  broth  fluid  along  with  2  c.c.  saliva  were  poured 
over  5  grammes  stale  bread  crumbs.    This  was  kept  at  SS'^  G. 


Table  XVII. — Salivary  Digestion  of  Bread  and  Broth — 5  grms, 
stale  bread,  10  c,c.  broth  fluid,  2  c.c.  saliva. 


Un- 

changed 
Starch. 

Soluble 

Erythro- 

Achroo- 

Sugar. 

Bread 
and 

Differ- 

Starch. 

deztrin. 

dextrin. 

grms. 

Water 
Plain. 

enc6. 

Masticated, 

much 

much 

much 

present 

0-467 

0*505 

-038 

Masticated,    and   at  i 

38'' for  80  min.,    . 

II 

ft 

If 

II 

0-73 

0*706 

-024 

2  C.C.  saliva  at  SS**  for 

5  min.. 

some 

t 

0-820 

0-289 

•031 

10    „ 

ff 

If 

0*323 

0-382 

•061 

30    „ 

good  deal 

II 

0-542 

0-674 

-082 

60     „ 

If 

11 

0-698 

0-704 

•006 

II         120     „ 

much 

f  1 

0-760 

0-746 

-•028 

»         180     „ 

II 

present 

0-802 

0*849 

•047    J 

Throughout  this  series  of  experiments  (with  one  exception) 
the  degree  of  starch  conversion  is  less  than  in  the  case  of  bread 
and  water  alone.  Evidently,  either  the  saline  or  proteid  matters 
present  in  the  broth  have  had  a  slight  restraining  influence  on 
the  salivary  ferment. 

The  retarding  influence  is,  however,  very  slight  as  compared 
with  that  caused  by  milk. 
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X  VIIL  Salivary  Digestion  of  Bread  and  Tea. 

As  we  have  seen,  bread  is  seldom  eaten  alone.  It  is  usually 
eaten  along  with  some  fluid,  none  being  more  used  than  tea 
infusion. 

What  effect  on  the  salivary  digestion  of  bread  has  an  infusion 
of  tea? 

The  tea  used  was  an  ordinary  good  household  tea,  with  a  slight 
addition  of  Pekoe  as  flavouring.  It  was  infused  for  ten  minutes, 
and  the  infusion  had  an  acidity  equal  to  0*86  per  cent,  tannic  acid. 

Ten  C.C.  of  this  infusion  at  38°  C.  were  mixed  with  2  c.c.  saliva 
and  poured  over  5  grammes  stale  bread  crumb  (2nd  day). 

We  have  to  compare  this  table  with  that  showing  the  diges- 
tion of  bread  along  with  water  (Table  IX.). 

These  experiments  show  that  an  infusion  of  tea  hinders, 
though  by  no  means  inhibits,  the  action  of  ptyalin.  Up  to  the 
end  of  the  second  hour,  less  sugar  is  formed  from  starch  when 
in  the  presence  of  tea  infusion  than  is  formed  in  its  absence. 
After  this  time-limit,  however,  no  difference  is  noted  either  with 
or  without  tea  infusion. 


Tablb  XVIII. — Salivary  Digestion  of  Bread  along  with  Tea — 5  gi^ms, 

hready  10  c.c,  tea  infusion,  2  c.c.  saliva. 


Un- 
changed 
Starch. 

Soluble 

Erythro- 

Achroo- 

Sugar. 

Bread 
and 

Differ- 

Starch. 

dextrin. 

dextrin. 

grms. 

Water 
Plain. 

ence. 

Cold-water  extract, 

all 

little 

•  V  • 

*  •  ■ 

0-042 

Wholly  converted  by 

acid,    . 

0 

0 

0 

0 

2-174 

Chewed,  and  at  once 

examined,    . 

much 

much 

some 

1 

0-256 

0-505 

-249 

Chewed,and  at  SS""  for 

SOmin., 

little 

much 

much 

present 

0-6 

0-706 

-206 

2  cc.  saliva  at  38"*  for 

5  min., 

much 

much 

trace 

! 

0-161 

0-289 

•128 

»       10    „ 

>i 

>f 

present 

present 

0-273 

0-382 

-109 

„       20    „ 

}f 

ff 

fair  amt. 

ff 

0*359 

0-476 

•117 

„       30    „ 

If 

ff 

ff 

ff 

0-412 

0-674 

-162 

„        45    „ 

>i 

If 

»> 

f  f 

0-596 

0-639 

-043 

„        60    „ 

If 

ff 

much 

more 

0-602 

0-704 

•102 

,.        90    „ 

not  80 
much 

not  so 
much 

grt.  amt 

grt.  amt. 

0-658 

0-726 

•073 

»      120    „ 

f  f 

ff 

>f 

ff 

0-714 

0-746 

-032 

„      150    .. 

f  f 

f  f 

ff 

ff 

0-769 

0-769 

M      180    „ 

little 

little 

f  f 

ft 

0-846 

0-849 

•C04 
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When  bread  is  chewed  along  with  tea  infusion,  only  about 
one-half  the  amount  of  sugar  is  formed  compared  to  the  same 
proceeding  with  bread  and  water  alone.  After  being  chewed,  if 
it  be  kept  at  38°  C.  for  half  an  hour,  only  half  a  gramme  of 
sugar  is  formed,  as  compared  with  0'706  gramme  produced  in 
the  presence  of  water  alone.  During  the  early  stages  of  diges- 
tion, therefore,  there  is  a  marked  retardation  produced  by  infu- 
sions of  tea. 


XIX.  Salivary  Digestion  of  Bread  and  Coffee, 

Five  granmies  bread  crumb  were  mixed  with  10  c.c.  ordinary 
decoction  of  coffee,  along  with  2  c.c.  saliva,  at  38°  G. 


Table  XIX. — Salivary  Digestion  of  Bread  and  Coffee — 5  grms.  breads 

10  c,c.  coffee,  2  ex.  ealiva. 


Cold  extract,  . 
Totally  converted,    . 
Chewed,  and  at  once 

examined,    . 
Chewed,  and  at  88°  for 

80  min., 
2  C.C.  saliva  at  88°  for 
6  min., 


If 

}i 

M 
>l 
I) 
II 
11 


10 

20 

80 

45 

60 

90 

120 

150 

180 


Un- 

changed 
Starch. 


nearly  all 
0 

much 

»> 

much 
much 

}i 
»i 
II 
i» 
»} 
II 
II 
11 


Soluble 

Erythro- 

Achroo- 

Sugar. 

Starch. 

dextrin. 

dextrin. 

grma. 

little 

0 

0 

0-042 

0 

0 

0 

2-174 

Ige.  amt. 

Ige.  amt. 

0 

0-86 

>» 

II 

11 

0-637 

fair  amt. 

trace 

0 

0-268 

much 

fair  amt. 

? 

0-348 

II 

0-485 

much 

0-631 

0-570 

0-670 

0-719 

0-722 

0-750 

0-753 

Bread 

and 

Plain 

Water. 


0-506 

0-706 

0-289 
0-382 
0-476 
0-674 
0*689 
0-704 
0-726 
0-746 
0-769 
0-849 


Differ- 
ence. 


0-145 

0-069 

*026 
-039 
•041 
•OIS 
-069 
-034 
•007 
•024 
-019 
-096 


In  the  case  of  coffee,  starch  conversion  commences  early,  and 
goes  on  steadily  progressing.  The  maximum  amount  of  sugar 
produced  falls  far  short  of  that  produced  along  with  tea  infu- 
sion. On  comparing  these  tables  it  is  well  shown  how  strongly 
an  inhibiting  agent  tea  is.     The   figures  in   the  *'  difference " 


THE  SALIYART  DIGESTION  OF  STABGH. 


643 


columu  are  striking.     We  find,  then,  that  coffee  has  no  great 
effect  in  hindering  or  slowing  starch  proteolysis. 

XX.  Salivary  Digestion  of  Bread  atid  Cocoa. 

Five  gnns.  of  bread  crumb  were  mixed  with  10  c.c.  of  cocoa  solu- 
tion and  2  c.c.  saliva.  The  cocoa  used  was  Van  Houten's.  An 
extract  of  this,  made  with  boiUng  water,  contains  the  merest 
traces  of  sugar,  too  small  to  be  regarded,  and  when  digested  alone 
with  2  C.C.  saliva  for  thirty  minutes,  no  reaction  with  iodine  is 
obtained,  and  no  appreciable  amount  of  sugar  is  formed. 

The  above  mixture  was  kept  at  SS""  C. 

Tablb  XX. — Salivary  Digestion  of  Bread  and  Cocoa, 


1 

t 

Un- 

changed 

Starch. 

Soluble 
Starch. 

Erythro- 
dextrin. 

Achroo- 
dextrin. 

Sugar, 
grms. 

Bread 

and 

Plain 

Water. 

Differ- 
ence. 

Cold-water  extract, . 

nearly  all 

little 

0 

0 

0-042 

Totally  converted,   . 

w 

0 

0 

0 

0 

2-174 

Chewed,  and  at  once 

examined,    . 

much 

much 

traces 

traces 

0-626 

-506 

•021  + 

Chewed,  and  at  38° 

1 

0.  for  80  min.,     . 

>i 

It 

present 

present 

0-866 

•706 

•160  + 

2  C.C.  saliva  at  88*" 

5  min. 

It 

0 

0-281 

•289 

•008- 

»          10    „ 

goodamt 

0 

0-433 

•882 

■061  + 

20    „ 

much 

1 

0-690 

•476 

•114  + 

80    „ 

}i 

present 

0-610 

•674 

•036  + 

f>          45    „ 

i> 

0-630 

•639 

•009- 

60    „ 

II 

0-711 

-704 

•007  + 

»o   „ 

II 

0-756 

-726 

•030  + 

„         120     „ 

II 

0-762 

-746 

•016  + 

„         160    ,, 

much 

0-788 

•769 

-019  + 

„         180    „ 

not  so 
much 

much 

0-814 

•849 

-035- 

Naturally,  we  compare  these  results  with  those  obtained  in 
the  case  of  tea  and  cofifee.  In  the  case  of  cocoa,  we  find  there  is 
little  or  no  restraining  action.  Starch  conversion  begins  early 
and  proceeds  steadily. 

In  the  case  of  tea,  conversion  was  at  first  restrained ;  later 
on,  however,  amylolysis  proceeded  more  rapidly,  until,  at  the 
end  of  two  and  a  half  hours,  we  find  that  the  starch  has  under- 
gone a  greater  conversion  relatively  to  what  we  find  in  the  case 
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of  cocoa.  Even  from  the  first  the  starch  undergoes  solution 
almost  as  readily  as  it  does  when  water  alone  is  used. 

Comparing  cocoa  with  coffee,  though  the  differences  are  not 
so  marked  as  in  the  case  of  tea,  yet  the  advantage  rests  with 
cocoa;  there  is  less  inhibition  of  ptyalin  in  the  present  case 
than  in  the  case  of  coffee. 

What  effect  have  our  ordinary  stimulants  on  the  salivary 
digestion  of  starch  ? 

XXI.  Salivary  Digestion  of  Bread  along  with  Beer, 

Five  grms.  bread  crumbs  were  mixed  with  2  c.c.  saliva  and  10 
c.c.  Prestonpans  beer  (there  is  practically  no  sugar  in  10  c.c.  of 
this  beer). 

This  mixture  was  kept  at  38®  C. 

Table  XXI. — Salivary  Digestion  of  Bread  and  Beer, 


Un- 
changed 
Starch. 

Soluble 
Staroh. 

Erythro 
dextrin. 

Achroo- 
dextrin. 

Sugar, 
grms. 

Bread 

and 

Wat*^r. 

Diffor- 
ence. 

Cold-water  extract, . 

all 

0 

0 

0 

0 

Totally  converted,  . 

0 

0 

0 

0 

2-174 

Chewed,  and  at  once 

examined,    . 

mnch 

much 

fair  amt. 

0 

0-866 

•505 

•139- 

Chewed,  and  at  38** 

for  30  min.. 

I) 

i> 

much 

much 

■671 

•706 

•185- 

2C.C.  aalivaat38°for 

5  min. 

1} 

some 

0 

•314 

-289 

•025  + 

10    „ 

1} 

more 

0 

-411 

-382 

•029  4- 

,          20    „ 

)i 

much 

traces 

•676 

•476 

•100  + 

80    „ 

>i 

II 

•607    , 

'574 

•138  + 

1          46    „ 

}f 

more 

•614    ! 

•639 

•025- 

60    „ 

»» 

II 

•619    1 

•704 

•086- 

90    „ 

less 

II 

•703 

•726 

•028- 

120    „ 

>i 

much 

•746 

•746 

•001- 

150     „ 

}} 

II 

•784 

•769 

•016  + 

,         180     ,, 

II 

II 

•787 

'849 

•062- 

If  we  compare  this  with  the  digestion  of  starch  by  saliva  in 
the  presence  of  water,  what  do  we  find? — that  an  increased 
degree  of  conversion  up  to  the  end  of  the  first  150  minutes  is 
evident.  Instead  of  a  restraining  effect  on  ptyalin,  the  beer 
seems  to  have  exerted  a  stimulating  action,  and  even  from  the 
earliest  period  the  amount  of  sugar  formed  is  in  excess  of  that 
produced  in  the  presence  of  water  alone.     Being  more  energetic 
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in  the  earlier  periods,  there  is  a  falling  off  in  the  amount  of  sugar 
converted  from  starch  after  two  and  a  half  hours.  Conversion 
begins  at  once,  and  goes  a  far  length  in  the  case  of  beer. 

It  might  be  thought  that  the  bitterness  of  the  beer  would 
promote  an  increased  salivary  flow,  and  consequently  a  greater 
amylolysis.  If  it  does  promote  a  greater  secretion  of  saliva,  how- 
ever, the  degree  of  starch  conversion  is  not  hastened,  as  we  see 
from  the  two  experiments  after  metstication.  In  these  the  amount 
of  sugar  produced  is  much  smaller  than  with  water  alone.  The 
probability  is  that  no  greater  secretion  of  saliva  does  take  place. 

XXII.  Saiivary  Digestion  of  Bread  and  Dilute  Whisky. 

Whisky  and  water  form  one  of  the  commonest  of  beverages 
in  Great  Britain,  and  its  consumption  is  steadily  increasing 
over  the  globe. 

What  effect  has  it  on  salivary  digestion  ? 

In  the  first  set  of  experiments,  ordinary  good  Scotch  whisky 
(Talisker)  was  used,  diluted  with  water  in  the  proportion  of 
1  part  whisky  to  2  of  water. 

Five  grm.  bread  crumb  were  mixed  with  10  c.c.  dilute  spirit 
and  2  c.c.  saliva  (all  at  38"*  C.)  and  kept  at  this  temperature. 


Tablb  XXII. — Salivary  Digestion  of  Bread  and  DiltUe  Whisky. 


Un- 
changed 
starch. 

Soluble 

Erythro- 

Achroo- 

Sugar. 

Bread 

and 

Water. 

Differ- 

Starch. 

dextrin. 

dextrin. 

grms. 

ence. 

Gold-water  extract, . 

nearly  all 

little 

0 

0 

0  042 

Totally  converted,  . 

«  •• 

... 

•  *• 

•  •• 

2174 

Chewed,  and  at  once 

examined,    . 

much 

little 

present 

! 

•328 

•506 

•177- 

Chewed,  and  at  38° 

for  30  min.. 

much 

much 

much 

present 

•762 

•706 

•066  + 

2  C.C.  saliva  at  38° 

6  min. 

)) 

vy.  little 

0 

0 

•189 

•289 

•100- 

10    „ 

)) 

tt 

0 

0 

•291 

•382 

•091- 

t.          20    „ 

}} 

much 

trace 

trace 

•473 

•476 

•003- 

80    „ 

It 

it 

tt 

tl 

•495 

•574 

•079- 

tl          ^5    ,, 

tl 

tl 

much 

present 

•619 

•639 

•020- 

60     „ 

tt 

tt 

tt 

It 

•71 

•704 

•006  + 

90     „ 

tt 

It 

it 

»» 

•724 

•726 

•002  - 

„         120    „ 

not  so 
much 

tt 

tl 

much 

•737 

•746 

•009- 

„        150     „ 

tt 

tt 

it 

tt 

•741 

•769 

•028- 

180    „ 

tt 

It 

tt 

tt 

•75 

•849 

1 

•099  - 
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These  experiments  show  that  weak  spirit  has  permanently  less- 
ened the  activity  of  ptyalin.  At  the  end  of  the  third  hour  there 
is  still  much  unchanged  starch  present,  while  soluble  starch  and 
dextrins  form  '  much '  of  what  remains,  and  sugar  0*75  gramme. 

In  the  ease  of  bread  and  water,  very  little  unchanged  starch 
remains  at  the  end  of  the  third  hour,  and  soluble  starch  and 
dextrins  are  present  in  'very  large  amounts';  while  sugar  forms 
0*849  gramme. 

Then,  in  the  mastication  of  the  bread,  in  spite  of  the  very 
large  (5  grammes)  addition  of  saliva,  only  0*326  grm.  sugar 
has  been  formed,  as  compared  with  0*505  grm.  with  water 
alone.  After  this  chewed  mass  has  been  kept  at  38®  C.  for 
thirty  minutes,  much  unchanged  starch  is  yet  present  and  0*762 
grm.  sugar,  as  compared  with  the  presence  of  little  unchanged 
starch  and  0*706  grm.  sugar  in  the  chewed  bread  and  water. 

On  the  contrary,  if  we  compare  the  effect  of  dilute  whisky 
with  that  of  tea,  we  find  that  the  balance  of  favour  goes  to  the 
spirit.  Up  till  the  end  of  the  second  hour,  dilute  whisky  has  a 
less  restraining  effect  on  ptyalin  than  has  an  infusion  of  tea. 


XXIII. — Salivary  Digestion  of  Bread  and  Pure  Whisky. 


Un- 
changed 
Staroh. 

Soluble 
Staroh. 

Erythro- 
dextrin. 

Achroo- 
dextrin. 

Sugar, 
grms. 

Bread 
and 
1  Water. 

1 

Differ-  ; 
enoe.    i 

Cold-water  extract, . 

nearly  all 

little 

0 

0 

-042 

Totally  converted,   . 

0 

0 

0 

0 

2-174 

Chewed,  and  at  once 

1 

examined,    . 

chiefly 

•  some 

Uttle  • 

0    • 

•46 

•505 

•056-  ' 

Chewed,  and  at  88° 

C.  for  80min.,     . 

much 

much 

little 

present 

•684 

•706 

•022-  i 

2  CO.  saliva  at  SB**  for 

1 

6  min., 

chiefly 

trace 

indie. 

0 

•166 

•289 

•123- 

10    .. 

much 

mnch 

trace 

0 

•227 

•882 

•155- 

20    „ 

»i 

II 

II 

>i 

•801 

•476 

•175- 

80    „ 

II 

i> 

much 

1 

•384 

•674 

•190- 

45    „ 

II 

II 

II 

II 

-423 

•639 

•216- 

60     „ 

II 

II 

11 

present 

•608 

•704 

•196- 

90-    „ 

1 1 

not  so 
much 

II 

much 

•668 

•726 

•158- 

»         120     „ 

II 

1} 

i> 

1} 

•688 

•746 

•118- 

„         160     „ 

II 

II 

II 

II 

•661 

•769 

•108- 

„         180    „ 

II 

II 

not  nearly 
80  much 

II 

•678 

•849 

•176- 
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XXIII.  Salivary  Digestion  of  Bread  and  Pure  Whisky, 

Ten  C.C.  undiluted  whisky  were  mixed  with  2  ac.  saliva  and 
poured  over  5  grms.  bread.  All  were  at  38®  C,  and  kept  at 
this  temperature. 

If  we  conipare  this  tabic  with  the  preceding,  we  note  that 
pure  whisky  exerts  a  much  greater  action  in  weakening  the 
salivary  ferment  than  when  it  is  dilated.  In  spite  of  7  grammes 
saUva  having  been  added  during  mastication,  only  0'45  gramme 
sugar  was  formed,  and  after  being  kept  at  SS""  C.  for  half  an 
hour  this  only  increased  to  0*684  gramme,  as  compared  with 
0-762  gramme  in  the  case  of  dilute  whisky. 

At  the  end  of  the  first  hour  only  O'o08  gramme- sugar  has 
been  formed  in  the  present  case,  as  compared  with  0'71  gramme 
in  the  preceding.  At  the  end  of  the  thirti  hour  these  figures  are 
0*673  and  0-75  gramme.  Manifestly,  therefore,  pure  whisky  has 
a  still  greater  destructive  action  than  the  same  when  diluted. 

XXIV.  Salivary  Digcsiian  of  Bread  and  Sheiry, 

The  acidity  of  this  wine  was  equal  to  0*547  per  cent,  cal- 
culated as  tartaric  acid.  The  wine  contained  likewise  2*84 
grammes  sugar  per  cent.  (  =  0*284  gramme  per  10  c.c.  wine, 
and  this  amount  has  been  subtracted  from  each  observation). 

In  this  case  the  inhibition  of  amylolysis  is  almost  complete. 
Starch  remains  entirely  unconverted  up  to  the  end  of  the  first 
hour,  when  the  merest  traces  of  soluble  starch  appear.  Only 
at  the  expiry  of  two  and  a  half  hours  do  we  find  erythro- 
dextrin  appearing,  and  even  after  three  hours'  digestion  only 
0*240  gramme  sugar  has  been  formed. 

When  5  grammes  bread  is  chewed  with  10  c.c.  sherry  tlie 
starch  undergoes  no  change,  and  the  amount  of  sugar  formed, 
even  after  such  is  kept  at  38"".  C.  for  thirty  minutes,  is  only 
0147  gramme. 

That  this  inhibition  of  starch  proteolysis  is  entirely  due  to  the 
acid  present  in  the  wine  is  shown  by  the  fact  that  when  the 
sherry  is  neutralised  and  kept  for  one  hour  at  38"  C.  much  soluble 
starch  is  present,  along  with  tolerable  amounts  of  ery throdextrin 
and  achroodextriu,  while  sugar  forms  0" 681  gramme. 
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On  being  kept  at  38""  C.  for  three  hours  after  neutralisation, 
though  much  starch  remains  unafifected,  there  are  yet  largo 
quantities  of  soluble  starch  and  dextrins,  and  sugar  forms  0*730 
gramme.  It  is  needless  to  state,  however,  that  such  neutrali- 
sation entirely  changes  the  character  of  the  wine,  rendering  it 
a  nauseous  turbid  fluid  with  a  semen-like  odour. 

XXV.  Salivary  Digestion  of  Bread  and  Claret — 5  grammes 
bread,  10  c,c.  good  claret  (Medoc),  2  c.c,  saliva. 

This  claret  possessed  practically  no  sugar.  Its  acidity  was 
equal  to  0*75  per  cent.,  calculated  as  tartaric  acid. 
.  The  expjBriments  showed  that  claret  had  even  a  greater  restrian- 
ing  effect  on  salivary  proteolysis  than  sherry.  Even  after  three 
hours'  digestion,  the  starch  had  undergone  no  conversion  into 
soluble  starch  or  dextrins.  After  ten  minutes'  digestion  the  sugar 
formed  only  amounted  to  0095  grammes;  in  ninety  minutes 
0*120  gramme,  and  at  the  end  of  the  third  hour  0*143  gramme. 

The  process  of  masticating  bread  with  claret  promotes  a  large 
flow  of  saliva.  On  examining  the  result,  however,  only  a  small 
amount  of  soluble  starch  was  present,  and  sugar  to  0089 
gramme.  After  keeping  the  same  mixture  at  38°  C.  for  thirty 
minutes,  the  sugar  only  increased  to  0179  gramme. 

Claret  has  therefore  a  most  powerful  effect  in  inhibiting 
salivary  digestion. 

On  neutralising  the  acidity  of  the  claret  and  keeping  it  along 
with  bread  and  saliva  at  38°  C.  for  one  hour,  we  find  thai 
much  soluble  starch  and  dextrins  are  present,  while  sugar 
forms  0*684  gramme.  After  three  hours'  digestion  thus  at  38° 
C.  the  sugar  has  increased  to  0*73  gramme,  as  compared  with 
0*143  gramme  in  the  case  of  ordinary  claret. 

XXVL  Salivary  Digestion  of  Bread  and  Port  Wine — 5  grammes 

bread,  10  ex,  port  wine,  2  ex.  saliva. 

The  acidity  of  this  wine  was  equal  to  0427  per  cent,  cal- 
culated as  tartaric  acid.  It  contained  4*80  grammes  sugar  per 
cent.  (0*480  gramme  per  10  c.c.  wine). 

Of  all  the  beverages  thus  examined,  port  wine  has  the  greatest 
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effect  in  iuhibiting  starch  proteolysis,  with  the  exception  of 
claret  and  sherry. 


Tablb  XXVI. — Salivary  Digestion  of  Bread  and  Port  Wine, 


Uu- 

changed 

Starch. 

Soluble 
Starch. 

Erythro-  Achroo- 
dextrin.   dextrin. 

1 

Sugar, 
grms. 

1 

Bread 

and 

Water. 

Differ- 
ence. 

Cold-water  extract, . 

nearly  all 

little 

0    :    0 

1 

•042 

Totally  converted,   . 

0 

0 

0               0 

2-174 

Chewed,  and  at  once 

examined,    . 

nearly  all 

0 

0       '        0 

0 

•505 

•505  - 

Chewed,  and  at  88" 

C.  for  30  min. ,     . 

much 

much 

fairamt.  fairamt. 

•289     i 

•706 

•417- 

2  c.c  saliva  at  38** 

, 

1 

10  mij)., 

nearly  all 

some 

0 

0 

•020 

,     -382 

•862- 

,             „        20    „ 

If 

f  1 

0 

0 

•052 

•476 

•424- 

!             „        30    „ 

much 

much 

traces 

0 

•116 

•674 

•458- 

1             ,.         45    ,. 

}i 

It 

>» 

•  » 

•120 

•639 

•519- 

„         60     „ 

tf 

>t 

tolerable    traces 
amount  : 

•159 

•704 

•645- 

,.         90    „       , 

it 

♦  » 

)i 

>« 

•223 

•726 

•498- 

„       120    „       i 

>» 

i> 

i> 

»♦ 

•231 

•746 

•515- 

.,       150     „ 

n 

)> 

,,         fdiramt 

•233 

•769 

•636- 

„       180     ., 

>> 

»» 

i»              II 

•245     ' 

•849 

•604- 

Inhibition  is  moat  marked  throughout  the  whole  experi- 
ments. 

When  chewed,  the  ferment  in  the  saliva  seems  to  be  rendered 
almost  inactive,  there  being  no  sugar  produced  during  the 
process.  If,  after  being  masticated,  it  be  kept  at  38**  C.  for 
thirty  minutes,  0*289  gramme  sugar  is  formed,  and  this  is  greater 
than  that  produced  by  adding  two  c.c  saliva,  and  allowing  it  to 
act  on  the  bread  in  presence  of  the  wine  for  three  hours. 

That  this  inhibition  is  also  due  to  the  organic  acids  present  in 
the  wine  is  manifest  on  neutralising  it,  a  marked  and  fairly  rapid 
conversion  of  starch  then  occurring. 

In  order  to  make  a  general  comparison,  I  have  drawn  up  the 
following  table,  which  shows  the  results  of  masticating  definite 
amounts  of  each  of  the  starchy  substances,  and  then  keeping  the 
masticated  mass. at  38''  C.  for  half  an  hour.  The  sugar  which 
has  been  formed  from  the  starch  by  salivary  proteolysis  has  been 
calculated  as  a  percentage  of  the  total  sugar  which  was  obtained 
by  actual  artificial  conversion  of  the  starch  by  acid  and  boiling. 
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Tablb  XXVII. — Companion  between  Different  Starchy  Foods 
masticated^  then  kepi  at  38°  C.  for  thirty  mintdes. 


Food. 

Un. 

changed 

Starch. 

Soluble 

Erythro- 

Achroo- 

Per- 
oentage 

l^rch. 

dextrin. 

dextrin. 

Sugar 
formed. 

1.  White  bread  alone,  . 

much 

much 

much 

much 

39-28 

2.  Bread -f  water,  . 

little 

If 

i> 

32-47 

3.  Newlv-baked  bread  +  water, 

4.  Bread  cna8t+ water, . 

much 

•  t 

f  • 

present 

34  13 

ft 

fair  amt. 

t  ■ 

33-0      1 

5.  Vienna  bread  (stale) + water, 

II 

much 

much 

35-14 

6.             „           (new)  +  water, 

»i 

f» 

»• 

38-96 

7.  Bread  +  bntter, 

ti 

1  • 

•  1 

31-27 

8.      „     +  cheese. 

i« 

•  • 

1  • 

37  16^ 

9.      „     +milk,    . 

II 

f  • 

some 

28-56 

10.      „     +  broth,  . 

II 

»t 

•  • 

33-57 

11.      ,,     +tea. 

11 

•  ■ 

i  I 

22-99 

12.      „    +  coffee,  . 

f  1 

1  • 

— 

29-80 

18.      „     +cocoa,  . 

If 

present 

present 

39-83 

14.      „    +beer,     . 

If 

much 

much 

30-86 

15.      ,,     +  dilate  spirits, 

fi 

r  • 

present 

35-05 

16.      „     +  strong  spirits. 

i; 

■  1 

II 

31-46 

17.      „    +  sherry, 

nearly  all 

— 

— 

— 

6-76 

18.      ,,    +  claret,  .        .        • 

1) 

sm.  amt. 

— 

— 

8^ 

19.      „    +  port  wine,    . 

much 

much 

fair  amt 

fair  amt 

13-29 

20.  Potato,  boiled  and  powdered, 

little 

— 

— 

much 

20-28 

2V28  ; 

21.       „      in  fragments. 

— 

— 

— 

— 

22.  Porridge,  alone. 

nearly  all 

much 

much 

trace 

26-72 

28.        „         +  water,     . 

some  - 

II 

sm.  amt. 

— 

29-9 

24.        „         +milk. 

much 

If 

fair  amt 

— 

23-88 

,  25.  Rice,  boiled, 

If 

II 

•  • 

little 

12-86 

1  26.  Corn  flour,  boiled,     . 

trace 

fi 

much 

It 

38-13 

Conclusions. 

In  order  to  bring  this  to  a  conclusion,  attention  may  be  drawn 
to  the  following  points  (which  are  gathered  from  the  individual 
tables,  and  not  from  the  concluding  one) : — 

1.  Porridge  along  with  milk  forms  a  more  digestible  com- 
pound, as  far  as  amylolysis  by  saliva  is  concerned,  than  other 
combinations  of  oatmeal. 

2.  The  more  dense,  the  less  broken  down,  or  the  firmer  the 
jelly  in  which  the  starchy  food  is  when  undergoing  salivary 
digestion,  the  less  rapid  and  extensive  is  the  proteolysis. 

3.  Some  forms  of  starchy  food  undergo  a  certain  amount  of 
digestion  by  saliva,  but  at  a  certain  stnge  this  process  stops,  and 


THE  SAUVARY  DIGESTION  OF  STARCH.  651 

no  matter  how  long  they  may  be  exposed  to  the  action  of 
ptyalin,  no  further  amylolysis  by  saliva  takes  place  (we  must 
remember,  however,  the  restraining  effects  which  the  products  of 
digestion  exert). 

4.  Amylaceous  substances  are  more  easily  acted  on  by  saliva 
when  thoroughly  moist  than  when  more  or  less  dry. 

5.  Bread  in  a  light  and  spongy  condition  is  more  rapidly 
acted  upon  by  saliva  than  when  less  spongy.  Such  bread, 
however,  does  not  ultimately  undergo  any  more  complete  diges* 
tion  than  does  ordinary  bread. 

6.  Milk  has  a  retarding  influence  on  the  salivary  digestion 
of  starch  in  bread,  while  broth  has  little  or  no  effect. 

7.  Tea  has  a  markedly  inhibitory  influence  on  amylolysis  by 
saliva.  Coffee  has  this  property  also  to  a  less  extent.  Cocoa 
has  hardly  any  restraining  effect. 

8.  Beer  promotes  the  salivary  digestion  of  starch. 

9.  Alchol,  even  in  dilute  solution,  retards  salivary  digestion  of 
starch,  but  the  action  is  much  less  marked  than  in  the  case  of 
infusions  of  tea. 

10.  Wines  have  a  very  marked  inhibitory  influence  on  the 
digestion  of  starch  by  saliva,  and  this  is  almost  vvliolly  due  to 
their  acidity. 


A  CASE  OF  CROSSED  DYSTOPIA  OF  THE  KIDNEY, 
WITH  FUSION.  Bv  J.  Platfaib  M'Mubrich,  M.A., 
Ph.D.,  Professor  of  Arudomy  in  the  University  of  Michigan, 

One  of  the  subjects  used  in  the  anatomical  laboratory  of  the 
University  of  Michigan  during  the  past  winter  presented  an 
anomaly  of  the  kidneys,  which,  on  account  of  its  infrequency, 
seems  worthy  of  being  reported.  T)ie  case  was  one  of  crossed 
dystopia  of  the  right  kidney,  with  fusion.  A  description  of  the 
anomaly  is  as  follows : — 

Subject  a  male,  46  years  old.  Cause  .of  death  stated  to  be  car- 
buncle. The  subject  was  sent  to  the  University  from  the  I^Cchigan 
Asylum  for  the  Insane  at  Kalamazoo,  Mich. ;  and  the  Super- 
intendent of  the  asyliun,  Dr  W.  M.  Edwards,  has  kindly  supplied 
me  with  information  concerniug  the  case  while  under  his  care.  The 
man  had  been  an  inmate  of  the  asylum  for  a  little  over  nineteen 
years,  and  was  evidently  a  degenerate.  He  was  subject  to  periods  of 
elation,  or  was  moody  and  depressed,  and  was  filthy  in  his  habits,  and 
of  a  vicious  and  revengeful  disposition.  He  suffered  at  times  from 
conjunctivitis  and  from  bronchitis,  the  latter  during  the  last  years  of 
his  life  being  at  times  very  pronounced.  Tlie  asylum  records,  how- 
ever, show  no  indication  of  any  renal  troubles  at  any  time. 

Kidneys. — On  opening  the  abdominal  cavity,  no  trace  of  a  kidney 
could  be  found  upon  the  right  side,  but  on  the  left  side  an  organ 
larger  than  usual  was  found^  from  which  two  ureters  arose.  This 
kidney  lay  in  the  left  lumbar  region,  its  upper  edge  being  at  the 
usual  level  of  the  left  kidney,  the  lower  border  overlapping  slightly 
the  left  common  iliac  artery.  Above,  it  was  somewhat  nearer  the 
median  line  of  the  body  than  usiial,  overlapping  about  half  of  the 
abdominal  aorta,  but  its  lower  portion  was  somewhat  further  laterad, 
the  organ  lying  somewhat  obliquely  from  above  downwards  and 
outwards.  The  drawing  (fig.  1)  was  made  after  the  removal  of  the 
kidney  from  the  body,  and  does  not  represent  the  original  relations, 
there  having  been  a  slight  slipping  downwards  and  inwards  of  the 
orgian  with  reference  to  the  aorta. 

The  entire  organ,  which  showed  no  indications  of  disease,  measures 
14*4  cm.  in  length,  with  a  diameter  at  its  broadest  part  of  7*4  cm., 
and  a  thickness  of  about  4  cm.  Viewed  from  the  anterior  surface 
it  is  seen  to  be  distinctly  composed  of  two  portions,  a  lower  (fig.  1, 
E.  K.),  measurpg  about  10  cm.. in  length  and  6*7  cm.  in  breadth, 
and  an  upper  (L.  K.),  which  is  comma-shaped,  lying  upon  and  em- 
bracing the  upper  and  outer  portion  of  the  discoid al  mass.  This 
upper  portion  represents  the  left  kidney,  while  the  lower  mass  is 
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evidently  the  right  kidn«y.  which  has  crossed  over  to  the  left  wde 
of  the  body,  and  fused  with  the  anterior  surface  of  tha  lower  and 
inner  part  of  the  left  organ. 

So  much  of  the  left  kidney  as  can  be  seen  from  the  anterior 
surface  poaeessts  the  Dormal  eha|)e,  except  that  its  bilum  is  somo- 
what  displaced,  lying  on  the  anterior  surface  instead  of  on  its  inner 
margin,  and  forming  an  elongated  depression  6  cm.  iu  length,  and 


Flu.  1. — Vienr  of  the  kidney  miA  venels  after  removal  from  tlie  body.  A.  1-3, 
reiinl  arteries  ;  Ao.,  aurta  ;  I. Mas.,  ioferior  mesenteric  art«r;  ;  L.C.I.,  Icfc 
eomnion  iliac  artery  ;  L-CLV.,  left  common  ilisc  vein  ;  UK.,  left  kidney  ; 
L.6p. v.,  left  apermatio  vein  (tiiniol  upwards)  ;  L.Ur..  left  ureter ;  R.t'.f., 
ri|;ht  common  iliac  artery  ;  B.C.I.V.,  right  common  iliac  vein  l  R.K.,  rialit 
kidney  ;  I{.Ur.,riglit  ureter;  S.Mes.,  supemr  meBenteric  artery ;  VI. -VII., 
renal  veins  ;  V.C.I.,  inferior  vena  cava. 

broader  and  deeper  above  than  below.  Its  long  axis  is  directed 
from  above  downwards  and  slightly  outwarde,  its  lower  two-thirds 
lying  along  the  outer  border  of  the  right  kidney.  A  single  ureter 
(L.  Ur.)  arises  from,  the  hilum :  it  possesses  no  well-marktd  pelvic 
dilatation,  tlie  portion  of  it  which  occupies  the  hilum  being  but  littlo 
larger  than  the  iireb^r  proper.  From  the  hilum  it  passo»i  downwards 
and  slightly  outwards  at  first,  lying  along  the  outer  border  of  the 
right  kidney,  and  then  directly  downwards  to  tlie  brim  of  the  pelvis, 
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opening  finally  into  the  bladder  in  the  normal  position  for  lihe  left 
ureter. 

The  light  kidney,  as  already  stated,  has  a  discoidal  shape,  being 
somewhat  longer  than  broad.  Upon  its  anterior  surface,  rather  nearer 
the  lower  than  the  upper  border,  is  a  liilum,  which  may  be  described 
as  being  irregularly  triangidar  in  outUne,  with  its  apex  directed  up- 
wards. From  the  apex  a  well-marked  groove,  containing  the  principal 
vein  of  the  organ,  extends  upwards  and  inwards  to  the  edge  of  the 
kidney ;  and  from  the  lower  inner  angle  a  similar  groove,  lodging  the 
ureter  and  a  second  vein,  passes  downwards  and  inwards.  The  single 
ureter  arises  by  four  branches:  one  of  them  is  directed  upwards,  a 
second  upwards  and  outwards,  and  a  third  directly  inwards.  These 
three  branches  unite  together  to  form  a  single  trimk,  with  which  the 
fourth  branch,  directed  outwards  and  slightly  upwards,  unites  to  form 
an  imperfectly  developed  pelvis.  From  this  the  ureter  passes  down- 
wards and  inwards  at  first,  and  then  gradually  turns  directly  down- 
wards, to  open  finally  into  the  bladder  in  the  normal  position  of  the 
right  ureter. 

The  posterior  surface  of  the  entire  renal  mass  is  smooth,  and  shows 
no  line  of  demarcation  between  the  left  and  right  kidneys.  A  shallow 
and  broad  furrow  traverses  it  from  above  downwards  and  outwards, 
corresponding  to  what  may  be  regarded  as  that  portion  of  the  left 
kidney  which  is  overlapped  by  the  right,  but  it  does  not  serve  to  de- 
limit the  two  kidneys. 

Arteries. — The  blood  supply  is  furnished  by  seven  arteries,  the 
majority  of  which  are  of  nearly  the  same  size.  (1)  (figs.  1,  2,  A  1) 
The  uppermost  of  these  is  a  trunk  measuring  about  3  mm.  in  diameter 
at  its  origin,  which  arises  from  the  left  side  of  the  abdominal  aorta,  a 
little  above  the  inferior  mesenteric  arteries,  these  being  separated  from 
the  superior  mesenteric  by  an  interval  of  only  2  cm.  From  its  origin 
the  artery,  which  may  be  considered  the  left  renal,  passes  outwards 
and  downwards  towards  the  upper  extremity  of  the  hilum  of  the 
left  kidney,  before  reaching  which  it  divides  into  three  branches, 
which  are  distributed  to  the  upper  portion  of  the  hilum.  (2)  The 
second  artery  (A  2)  arises  from  the  right  side  of  the  aorta,  2  cm.  above 
its  bifurcation  into  the  common  iliacs.  It  is  directed  at  first  upwards 
and  outwards,  until  it  reaches  a  point  opposite  the  middle  line  of  the 
vena  cava  inferior,  when  it  curves  forwards,  downwards,  and  inwards 
again,  and  divides  into  two  branches.  One  of  these,  the  larger,  passes 
upwards  to  the  extremity  of  the  groove  extending  upwards  from  the 
apex  of  the  hilum  of  the  right  kidney,  and  there  it  enters  almost  at 
once  into  the  substance  of  the  kidney,  without  being  prolonged  to 
reach  the  hilum.  The  other  smaller  branch  is  directed  downwards  and 
outwards  to  about  the  middle  point  of  the  inner  edge  of  the  right 
kidney,  where  it  enters  a  slight  groove,  and  passes  at  once  into  the 
substance  of  the  kidney.  (3)  A  3  arises  from  the  left  side  of  the  aorta^ 
about  1  cm.  below  the  level  of  No.  2.  It  has  an  S-shaped  course, 
extending  first  outward,  and  then  bending  inwards  again  to  enter  the 
posterior  surface  of  the  renal  mass  a  little  below  the  middle  point  of 
its  vertical  axis.     (4)  A  4  arises  from  the  right  side  of  the  right 


CROSSED  DTSTOPIA  OF  THE   KIDNEY,   WITH  FUSlOIf.  655 

coamon  iliac  artery,  and  passing  to  the  left  and  slightly  downwards 
in  front  of  the  tight  eommon  iliac,  enters  the  kidney  au1»tance  at  the 
lower  end  of  the  groove  which  extends  downwards  and  inwards  from 
the  lower  inner  angle  of  the  pelvis  of  the  tight  kidney.  (6)  A  5,  which 
is  considerably  smaller  than  the  others,  arises  from  the  inner  surface 
of  tils  left  common  iliac  artery,  immediately  below  its  origin.  It 
passes  downwards  and  outwards,  lying  close  to  the  inner  side  of  the 
iliao  for  about  25  cm.,  and  then  bends  somewhat  abruptly  outwards 
and  enters  the  posterior  surface  of  the  kidney  about  3'5  cm.  from  its 


Fig.  2. — ScLeoie  of  the  vascnUr  supply.  A.  l-^i  "n"'  arteries  ;  l.Mefc,  inferior 
mesenteric  artery  ;  L.C.I,  mid  L.C.I.V.,  left  common  iliac  srleiy  and  vein  ; 
R.C.1.  aiid  R.O.I.V.,  right  conimoii  iliac  arterj  and  rein  ;  S.Mes.,  auperior 
meaenteric  artery  ;  S.M.,  medial  sacral  artery  ;  V.I.-V.VI.,  renal  veins. 

lower  edge,  first  dividing  into  two  branches,  which  enter  close  together. 
(6)  A  G  also  arises  from  the  inner  surface  of  the  left  common  iliac,  3'5 
cm.  from  the  bifurcation  of  the  aorta.  Its  course  is  similar  to  that  of 
^o.  5 ;  and  after  dividing  into  two  branches,  it  enters  the  posterior  sur- 
face of  the  kidney  a  little  below  and  external  to  that  artery. 

In  addition  to  these  six  vessels,  I  noticed  on  the  posterior  surface 
of  the  organ,  neat  its  outer  border,  and  at  about  the  junction  of  its 
lower  and  middle  thirds,  the  end  of  a  small  artery  which  had  been 
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accidentally  cut  in  removing  the  kidney  from  the  body.  It  was  not 
possible  to  be  certain  as  to  the  origin  of  this  artery,  but  it  was  prob- 
ably the  peripheral  end  of  a  small  vessel  which  arose  from  the  outer 
surface  of  the  left  common  iliac,  about  2  cm.  from  the  bifurcation  of 
the  aorta.  The  peripheral  end,  which  may  be  designated  as  No.  7, 
entered  the  substance  of  the  kidney  at  the  lower  and  inner  end  of  a 
slight  groove  occurring  at  the  place  indicated,  this  groove  being 
directed  upwards  and  outwards,  having  a  length  of  1'3  cm.,  and 
giving  passage  at  its  outer  end  to  a  small  vein. 

Veins, — Altogether  eight  veins  for  the  return  of  the  blood  from 
the  kidneys  were  found.     (No.  1)  V.  i.  may  be  regarded  as  the  left 
renal  vein.     It  leaves  the  kidney  at  the  upper  end  of  the  left  hilum 
as  four  branches,  which  first  unite  together  in  pairs,  and  finally  tlie 
two  common  trunks  unite   to  form  the  vein,  which  receives  just 
internal  to  its  origin  the  left  spermatic  vein  (fig.  1,  L.  Sp,  l\).     It 
passes  under  the  superior  mesenteric  artery,  and  opens  into  the  left 
side  of  the  vena  cava.     (2)  V.  ii.  issued  from  the  apex  of  the  triangular 
right  hilum  as  two  branches,  which  quickly  unite  to  a  common  trunk. 
This,  after  a  short  course,  underwent  a  considerable  enlargement  of 
a  fusiform  shape,  which  was  occupied  by  a  blood  clot,  and  the  vein 
finally  opened  into  the  left  side  of  the  vena  cava,  2  cm.  below  the 
opening  of  No.  I.     In  fig.  2  the  point  of  entrance  of  tliis  vein  into 
the   vena  cava  is   much  too  low  down.     Its  true  position  is  more 
accurately  represented  in  fig.    1.     (3)  V.  iiL  was  a   comparatively 
small  vein,  which  accompanied  the  upper  branch  of  artery  No.  2.     It 
issued  from  the  substance  of  the  kidney  at  the  upper  extremity  of 
the  groove  leading  from  the  apex  of  the  right  hilum,  and  passed  to 
the  right,  to  open  into  the  left  side  of  the  vena  cava  2*7  cm.  below 
the  opening  of  vein  No.  2.     (4)  This  vein  (fig.  1 ,  V.  iv.),  which  corre- 
sponds to  the  lower  branch  of  artery  No.  2,  has  a  very  different  course 
from  that  just  described.     It  issues  from  the  outer  end  of  the  groove 
which  receives  the  arterial  branch,  and  passing  almost  horizontally 
outwards  towards  the  left  pelvis,  appears  to  communicate  with  cue 
of  the  branches  of  vein  No.  2.     (5)  V.  v.  issues  from  the  lower  inner 
angle  of  the  left  hilum,  and  passes  at  first  downwards,  parallel  with 
the  upper  part  of  the  left  ureter.     On  reaching  the  lower  border  of 
the  kidney  it  curves  inwards  and  backwards,  and  opens  at  the  left 
side  of  the  vena  cava  4*5  cm.  below  the  opening  of  vein  No.  3. 
This  vein  corresponds  to  artery  N  o.  4.    (6)  V.  vi.  arises  by  two  branches 
which  issue  from  the  lower  part  of  the  posterior  surface  of  the  kidney, 
one  corresponding  to  artery  No.  5  and  the  other  to  artery  No.  6. 
These  two  branches  soon  unite  to  form  a  common  trunk,  which, 
passing  downwards  and  slightly  inwards,  opens  into  the  outer  surface 
of  the  left  common  iliac  vein. 

In  addition  to  these,  there  were  two  other  small  veins  which  issued 
from  the  posterior  surface  of  the  kidney,  but  which  were  unfortu- 
nately cut  in  removing  the  organ  from  the  body.  One  of  them  (No.  7) 
corresponded  to  artery  No.  4,  and  issued  from  the  posterior  surface  of 
the  kidney  about  1*3  cm.  above  the  entrance  of  the  artery.  I  was 
unable  to  trace  even  the  probable  course  of  this  vein.     The  other 
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vein  (No.  8)  is  the  small  one  already  mentioned  as  corresponding  to 
artery  No.  7,  and  its  course  was  also  undeterminable. 

Suprarenal  bodies. — Both  suprarenal  bodies  occupied  their  normal 
positions. 

A  list  of  references  to  cases  similar  to  that  just  described 
has  been  given  by  Ballowitz  ^  in  connection  with  his  review  of 
cases  of  complete  absence  of  one  kidney,  and  in  the  literature 
cited  there  are  reports  of  twenty-six  cases.  Ballowitz  discusses 
these  cases  briefly,  but  it  has  seemed  to  me  that  it  would  perhaps 
be  convenient  to  have  a  more  detailed  tabulation  of  such  cases 
for  future  use. 

In  the  Table  on  pp.  658-9,  one  of  the  older  cases  mentioned 
by  Ballowitz  has  not  been  included,  as  I  have  not  been  able  to 
consult  it.     It  is  Hunter,  Med.  Transact.,  iii. 

Furthermore,  I  have  omitted  certain  cases  whose  true  signifi- 
cance is  doubtful ;  such,  for  example,  as  that  described  by  Portal 
and  others,  in  which,  although  there  was  fusion,  there  was  not 
crossed  dystopia,  the  fused  organ  lying  in  front  of  the  vertebral 
column  in  the  mid-line  of  the  body,  as  in  the  cases  of  de  Neuf- 
ville,^  Kcard/'  Pichancourt,*  Macdonald,*^  and  others  cited  by 
Strube.« 

In  any  case  of  a  single  kidney  it  must  be  a  question*  as  to 
whether  one  has  to  deal  with  fusion  of  the  two  organs,  or  with 
an  absence  of  one  of  them.  I  have  accepted  as  the  criterion  for 
distinguishing  between  these  two  conditions  the  definition  of 
fused  kidney  given  by  Bachhammer,^  and  confirmed  by  Ballo- 
witz. This  definition  may  be  given  in  Bachhammer's  own  words : 
"Eine  Niere  als  aus  zwei  entstanden  angesehen  werden  kann, 
wenn  diese  zwei  Ureteren  entsendet,  welche  normal  in  die  Blase 
miinden,  wahrend  die  entgegengesetzte  Niere  fehlt."  The  words 
which  I  have  italicised  guard  against  confusion  with  a  true  single 
kidney  with  a  double  ureter ;  and  holding  fast  to  this  definition 

^  %.    Ballowitz,    "Ueber    angeborenen,    elnseitigen,    vollkommenen   Nieren- 
mangel,"  Virchow*8  Arckiv^  cxli.,  1895,  p.  309. 
2  De  Neafville,  Archivjur  phys.  Heilk.,  1851,  p.  276. 

»  Picard,  Bull.  Soe.  Anat.  de  Paris,  xlvii.,  1874,  p.  888. 

*  Pichancourt,  Oazctte  ffebd.,  1879. 

*  Macdonald,  Lancet,  1885,  i.  979. 
«  See  Table,  No.  22. 

7  lb.,  No.  15. 
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it  has  been  necessary  to  exclude  such  cases  as  these  described 
by  Morgagni^  and  Blaise,^  in  which  two  ureters  arose  from  a 
single  kidney,  both  opening,  however,  either  individually  (Mor- 
gagni)  or  after  fusion  (Blaise),  into  the  same  side  of  the  bladder. 
Of  course,  there  is  a  possibility  that  such  cases  are  really  cases  of 
fused  kidney,  in  which  the  ureters  are  abnormal  in  their  relations 
to  the  bladder ;  but  where  no  mention  is  made  of  any  peculiarity 
in  the  structure  or  shape  of  the  bladder,  it  is  preferable  to  con- 
sider them  as  cases  of  single  kidney  with  doubled  ureter. 

Since  no  mention  is  made  of  the  relations  of  the  ureters  to 
the  bladder  in  Cases  3-7  of  the  table,  their  identification  as  cases 
of  crossed  dystopia  with  fusion  must,  of  course,  be  regarded  as 
uncertain.  This  is  specially  so  with  Hillier's  case  (No.  7),  since  in 
his  description  mention  is  made  of  only  a  single  hilum.  How- 
ever, retaining  these  cases,  the  examination  of  the  table  reveals 
the  foUowing  facts  concerning  the  anomaly  under  consideration. 

1.  Out  of  23  cases  in  which  the  sex  is  mentioned,  17,  or  about 
78  per  cent.,  were  males,  and  5,  or  about  22  per  cent.,  were 
females.  It  is  doubtful,  however,  if  this  represents  the  true  pro- 
portion in  the  two  sexes,  since  allowance  must  be  made  for  the 
greater  number  of  male  subjects  brought  to  anatomical  labora- 
tories or  submitted  to  autopsies. 

2.  Crossed  dystopia  with  fusion  does  not  predispose  to  disease 
of  the  kidneys.  In  only  one  case,  the  second  reported  by  Kruse 
(No  22  of  the  table),  is  mention  made  of  disease  of  the  organ. 
This  agrees  with  the  statement  of  Strube  as  to  the  usual  absence 
of  renal  symptoms  in  cases  of  dystopia,  with  or  without  fusion. 

3.  Out  of  25  cases,  the  fused  organ  was  in  10,  or  40  per  cent, 
on  the  right  side  of  the  body,  and  in  15,  or  60  per  cent,  on  the 
left  side;  in  other  words,  in  60  per  cent  of  the  cases  the  right 
kidney  had  been  displaced.  It  is  interesting  to  compare  this 
with  the  result  obtained  by  Ballowitz  from  205  cases  of  absence 
of  one  kidney.  In  57  per  cent  of  the  cases  it  was  the  left  kidney 
which  was  lacking.  I  have  not  included  in  the  cases  here  con- 
sidered that  recorded  by  Wehn,*  in  which   the  fused  kidney 

^  Morgagni,  *'De  aedibus  et  causis  morbonim.*'  Ep,  xxxi.  25.    £ng.  trans,  by 
Alexander,  vol.  ii.,  London,  1769. 
'  Blaise,  Gaz,  hehd,  Sd.  Mid.,  Montpellier,  iv,,  1882,  p.  258. 
»  Wehn,  No.  19  of  the  Table. 
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was  on  the  right  side :  since  there  was  complete  situs  viscenim 
inversus  in  this  case,  it  should,  if  counted,  be  regarded  as  a  case 
of  displacement  of  the  right  kidney,  and  not  of  the  left. 

4.  In  every  case  but  one,  in  which  the  position  of  the  supra- 
renals  was  accurately  determined,  it  was  found  to  be  normal,  as 
might  be  expected,  since  our  present  information  on  the  subject 
of  the  development  of  the  suprarenals  indicates  that  their  rela- 
tion to  the  kidneys  is  merely  a  topographical  one.  The  excep- 
tional CAse  was  that  recorded  by  Wehn. 

As  regards  the  frequency  of  the  anomaly  here  considered,  the 
relatively  small  number  of  recorded  eases  indicates  that  it  is  of 
rare  occurrence.  Birmingham  states  that  Morris  has  noted 
its  occurrence  only  once  in  14,318  autopsies  performed  at  several 
London  hospitals. 

It  is  practically  certain  that  the  anomaly  is  in  all  caseS  con- 
genital ;  and  it  is  probably  in  the  majority  due  primarily  to  a 
fusion  of  the  two  metanephric  blastemata,  the  dystopia  being  a 
result  of  thi&  It  is  interesting,  in  this  connection,  to  note  that 
no  matter  how  perfect  the  fusion  may  be,  each  ureter  seems  to 
possess  its  own  clientele  of  pyramids,  independent  of  the  other,  as 
is  especially  shown  by  the  second  case  reported  by  Kruse,^  in 
which,  notwithstanding  the  hydronephrosis  of  the  lower  kidney, 
the  parenchyma  of  the  upper  was  normal.  This  affords  support 
to  that  view  of  the  development  of  the  metanephros  which 
regards  the  tubules  as  arising  entirely  as  outgrowths  of  the 
ureter,  the  blastema  giving  rise  only  to  the  connective  tissue  and 
blood-vessels  (Haycraft,  Internat,  Monatschr.  fur  AnaL  u.  Phys., 
xii.,  1895,  p.  281). 

The  position  of  the  hila  in  the  fused  organs  is  of  some  interest. 
In  the  majority  of  cases  they  both  occur  on  the  anterior  surface ; 
occasionally,  however,  one  hilum  is  normal  in  position,  while  the 
other,  usually  that  of  the  crossed  kidney,  is  on  the  anterior 
surface,  and  in  the  case  recorded  by  Broesike'  both  are  normal. 
It  seemed  as  if  a  plausible  explanation  of  the  abnormal  position 
of  the  hila  might  be  found  in  a  rotation  of  the  kidney  during  its 
normal  development,  this  rotation  being  prevented  by  the  fusion. 
To  test  the  correctness  of  this  theory,  I  examined  the  kidney  in 

*  L.e,,  No.  22  of  the  Table. 

^  BroeBike,  Lcy  No.  18  of  the  Table, 
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a  number  of  rat  embryoe  {Sigmodon  kitpidtui)  which  I  pooocooed. 
Unfortunately  my  series  was  not  as  perfect  as  could  be  wished, 
but  the  restdts  were  as  follows : — 

In  the  youngest  embryo  the  ureter  entered  the  lower  surface 
of  the  blastemic  mass  about  at  its  middle  point,  if  anything  a 
little  in  front  of  this  point,  and  extended  to  its  centre,  the  blas- 
tema forming  a  rounded  cap  over  the  extremity  of  the  ureter. 
In  later  stages,  when  the  ureter  had  commenced  to  branch  and 
to  send  off  the  primitive  renal  vesicles  (Haycraft),  a  diflTerent 
arrangement  was  found.  The  vesicles  opened  into  the  extremity 
of  a  duct  whose  course  was  transverse  to  the  long  axis  of  the 
kidney  and  parallel  to  the  horizontal  plane  of  the  body,  so  that 


Fig.  8. — Diagrams  of  three  stages  in  the  development  of  the  niet&nephros, 
showing  its  rotation,    x  Represents  a  presumably  homologous  point  in  each  stage. 


in  transverse  section  it  was  cut  longitudinally.  This  duct  passed 
from  near  the  centre  of  the  renal  mass  towards  its  inner  border, 
on  reaching  which  it  turned  almost  at  right  angles,  and  continued 
almost  directly  downwards  as  the  ureter.  In  the  oldest  embryos 
at  my  disposal  this  condition  was  still  existent,  and  I  could  not 
determine  the  portion  of  the  ureter  to  which  the  transverse  duct 
gave  rise,  but  it  may  be  presumed  that  it  becomes  eventually  the 
pelvis,  by  a  retraction,  as  it  were,  of  the  kidney  parenchyma  from 
around  it.  The  conditions  may  be  understood  from  an  inspection 
of  fig.  3,  in  which  they  are  represented  diagrammatically,  and  from 
which  it  may  be  seen  that  a  rotation  of  the  kidney  substance  does 
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apparently  occur,  the  original  apex  of  the  blastemic  mass  rotating 
outwards  until  it  occupies  approximately  the  middle  of  the  con- 
vex border  of  the  kidney.  In  case  of  fusion  at  an  early  stage 
this  rotation  would  be  prevented  in  both  kidneys,  since  each 
normally  would  rotate  in  an  opposite  direction,  and  the  subse- 
quent retraction  of  the  kidney  parenchyma  from  the  transverse 
duct  would  bring  it  to  the  surface  as  the  pelvis,  on  the  anterior 
surface  of  the  kidney.  When,  however,  the  fusion  occurred  at 
a  later  stage  of  development,  when  the  rotation  had  progressed  to 
some  extent,  it  might  be  continued  in  one  kidney,  thus  bringing 
about  a  reversal  of  the  rotation  in  the  other,  usually  the  crossed 
Idduey,  and  the  final  location  of  the  hilum  on  its  anterior  sur- 
face. And  finally,  should  the  fusion  be  postponed  until  the  rota- 
tion was  complete,  such  a  condition  as  that  seen  in  Broesike's  case 
would  be  produced. 

The  position  of  the  hila  in  the  case  recorded  by  Wehn  is  of 
exceptional  interest.  The  two  hila  were  situated  on  the  posterior 
surface  of  the  organ  1  I  may  quote  Wehn's  own  words,  which 
are  to  the  effect  that  the  right  kidney  "hat  die  Gestalt  einer 
biconvexen  Scheibe,  die  Gestalt  der  Milz;  und  ebenso  wie  bei 
dieser  der  Hiliis  nicht  am  Bande,  sondern  in  der  Mitte  des  einen 
Flache  hervortritt,  so  ist  auch  in  dieser  Niere  der  Hilus  in  der 
Flache  und  zwar  der  hinteren,  dem  Musculus  quadr.  lumb. 
zugekehrten,  Flache  gelegen.'*  I  have  found  in  the  literature  no 
similar  case,  and  it  must  be  supposed  that  it  has  its  origin  in  the 
causes  which  have  produced  the  situs  inversus  with  which  it  is 
associated  The  fact  that  the  hila  are  180"  distant  from  where 
they  are  usually  found  in  fused  kidneys,  seems  highly  suggestive 
in  connexion  with  the  question  as  to  the  proximate  cause  of 
situs  inversus  viscerum. 

The  occurrence  of  crescentic  kidneys,  whose  lower  ends  lie  in 
front  of  the  vertebral  column,  would  indicate  that  the  anomaly 
here  considered  belongs  primarily  to  the  same  category  as  do 
horseshoe  kidneys ;  causes,  of  which  we  know  nothing,  determin- 
ing the  crossed  dystopia.  Broesike  s  case,  however,  to  judge  from 
the  position  of  the  hila,  indicates  that,  in  some  cases  at  least, 
the  lower  end  of  one  kidney  may  be  fused  with  the  upper  end 
of  the  other,  and  this  may  be  true  in  the  majority  of  cases. 
It  is  noteworthy  that  in  fourteen  out  of  seventeen  cases,  ie.,  in 
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about  82  p.c.  of  the  cases  in  which  the  relation  could  be  de- 
termined, the  ureter  of  the  uppermost  kidney  opens  into  the 
right  side  of  the  bladder  when  the  fused  organ  is  on  the  right 
side,  and  into  the  left  side  when  it  is  on  the  left ;  the  three 
cases  in  which  the  reverse  occurred  being  the  second  cases 
of  Bachhammer  ^  and  Kmse,^  and  the  cases  of  Dickinson '  and 
Wehn.* 

Finally,  mention  may  be  made  of  the  abnormality  of  the  blood 
supply  in  these  abnormal  kidneys.  In  comparatively  few  of  the 
cases  reported  has  a  thorough  description  of  the  veins  and  arteries 
been  given,  but  when  this  has  been  done,  they  are  usually  abnormal 
both  in  number  and  position,  it  being  especially  noteworthy  that 
branches  frequently  pass  to  the  kidneys  from  one  or  both  of  the 
common  iliac  arteries. 

'  Baclihammer,  I.e.     No.  16  of  the  Table. 

*  Kruse,  I.e.     No.  22  of  the  Table. 

^  Dickinson,  I.e.     No.  26  of  the  Table. 

*  Wehn,  I.e.     No.  19  of  the  Table. 


THE  DUODENO- JEJUNAL  FLEXUEE:  ITS  VARIA- 
TIONS AND  THEIE  SIGNIFICANCE.  By  N.  Bishop 
Harman,  B.A.,  M.B.,  M.E.C.S.,  St  John's  College,  Cam- 
'bridge;  Demonstrator  of  AncUomy,   Cambridge    University. 

T  HAVE  been  led  to  make  some  investigations  into  the  anatomy 
of  this  region,  owing  to  the  finding  of  the  unusual  form  of  the 
flexure  described  below  and  delineated  in  figure  1. 

(1)  Prese'ivt  Descriptions. 

The  descriptions  of  the  flexure  and  the  commencement  of  the 
Jejunum  vary  considerably  in  the  special  monographs  on  the 
intestinal  canal,  and  in  articles  on  the  part  in  the  text-books. 
All  give  fairly  full  descriptions  of  the  suspensory  ligament,  or 
.muscle  of  Treitz,  to  which  the  flexiu-e  is  due. 

Treves  (1),  in  his  Hunterian  lecture  of  1885,  gives  several 
figures  of  the  flexure,  but  does  not  refer  to  any  usual  course  taken 
by  the  commencing  jejunum  ;  the  figures  mostly  show  a  leftward 
tendency ;  whilst  one,  that  of  a  spider-monkey  (fig.  1,  B),  seems 
to  indicate  a  rightward  position  of  the  part. 

Jonnesco  (2)  makes  no  special  reference  to  the  direction  of  the 
part,  but  figures  it  in  that  position  which  appears  to  be  the  most 
common,  viz.,  curving  to  the  left  of  the  median  line.  In  his 
tsection  of  Poirkr's  Anatomy,  he  states  that  "the  jejunum 
•commences  at  the  level  of  the  duodeno-jejunal  flexure,  passing  for-, 
wards  and  downwards  to  the  left ;  thence  it  makes  a  curve  from 
left  to  right." 

In  other  text-books  I  find  the  following  variations  in  descrip- 
tion. Macalister  (3)  states  that  "  at  the  flexure  the  gut  makes 
a  sharp  bend  forwards  and  leftwards." 

Sappey  (4) :  that "  the  gut  passes  forwards  and  to  the  left,  mak- 
ing, with  its  continuation  downwards  and  to  the  right,  a  semi- 
•circular  curve."  This  agrees  substantially  with  Jonnesco,  and 
4d80  with  Gegenbaur  (5). 
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Cunningham  (6):  that  "  the  jejunum  hends  suddenly  forwards, 
and  downwards  upon  the  duodenum,  forming  the  flexure." 

Holden  (7) :  that  "  the  jejunum  begins  by  an  abrupt  down- 
ward l>end." 

Quain,  Morris,  Gray,  Cleland  and  Rauber  make  no  special 
mention  of  the  part. 

These  extracts  show  that  the  usual  description  may  be  ranged 
under  three  forms : — 

1 .  That  which  bends  forwards  and  to  the  left  in  a  fairly 

wide  curve,  thence   passing  downwards  and  to  the- 
right. 

2.  That  wliich  bends  forwaixls,  downwards,  and  to  the  left  in* 

a  sharp  curve. 

3.  That  which  bends  directly  forwards  and  downwards  along 

the  line  of  the  fourth  part  of  the  duodenimi. 
In  the  series  of  subjects  which  I  have  examined,  I  have  found 
all  these  forms  represented,  and  in  addition  two  other  forms 
in  which  a  slight  and  a  well-marked  bend  to  the  right  side  of 
the  body  was  exhibited.  The  position  found  was  in  each  case 
a  fixed  one,  and  not  subject  to  the  movements  of  the  intestines.. 

(2)  Descrijytion  of  tipedal  Cases. 

Figure  1  represents  the  condition  of  the  flexure  found  in  ar 
dissecting-room  subject  (male,  aged  72  years). 

It  shows  a  rightward  bend  of  the  commencing  jejimum  of 
ci  pronounced  character.  The  examination  was  made  immedi- 
ately at  the  time  of  the  opening  of  the  great  sac,  before  any 
dissection  had  been  attempted.  The  abdominal  viscera  had  an- 
especially  healthy  appearance,  and  there  was  a  complete  absence 
ot  inflammatory  adhesions,  so  that  this  common  source  of  dis- 
placed relations  could  not  apply  here. 

From  the  pylorus  to  the  free  part  of  the  jejimum,  the  gut 
followed  a  very  tortuous  course,  altering  its  direction  no  less- 
than  eleven  timea 

From  the  pylorus  to  the  usual  site  of  the  flexure  there  were 
four  prominent  knuckles  formed  by  these  bends.  The  gut  passed 
first  laterally  beneath  the  edge  of  the  liver,  thence  dorsally  and 
mesially  to  become  retro-peritoneal ;  the  lesser  curvature  of  the 
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Fig.  1. — Subject,  male,  aged  72  years.  *,  retro-petitoiieal  com- 
mencement of  jejunum,  passing  column  transversely  from  left  to 
right,  at  level  of  2nd  lumbar  vertebra.  Dd.,  cluodeiuim,  Jj., 
jejunum,  with  free  mesentery.  S.M.v".,  euporior  mesenteric  vessels. 
Pp.,  parietal  peritoneum.  Tr-Mc,  site  of  transverse  mesocolon. 
n,F.,  site  of  hepatic  flexure.  D.C,  aite  of  ascending  colon.  /.'■., 
liver.  X  ,  site  of  orfice  of  bile  papilla.  .S(.,  stomach.  Cn.,  aiiiiiilar 
constriction  of  stomach.  Py.,  pylorus.  C.^f.,  costal  margin.  J(.X., 
site  of  10th  costal  cartilage,  o,  fossa  duodeno-jejunaljs.  jS,  fossa 
para-duodenalis.  y.  dotted  line  indicates  site  of  freedom  of  gut  from 
dorsal  parietal  peritoneum,     h,  site  of  the  colic  loop. 
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stomach  could  be  found  to  be  continuous  with  the  mesied  edge- 
of  the  gut,  as  found  for  other  cases  by  Mr  Young  of  Liverpool 
(8).  Further,  the  gut  passed  obliquely  and  downwards  across 
the  ventral  surface  of  the  kidney,  reaching  to  within  half  an 
inch  of  its  lateral  border ;  it  was  here  dorsal  to  a  short  length  of 
ascending  meso-colon,  which  held  a  considerable  loop  of  the 
ascending  colon  lying  in  the  belly  cavity,  with  its  convexity 
directed  towards  the  middle  line.  Thence  the  gut  retraced  its 
course,  making  a  sharp  upward  turn  to  reach  the  level  of  the 
pylorus,  as  high  as  the  first  lumbar  vertebra.  From  this  point 
it  followed  the  usual  course  of  the  duodenum,  presenting 
descending,  transverse,  and  'fourth'  divisions,  and  reaching 
upwards  on  the  left  side  of  the  column  to  the  second  lumbar 
vertebra ;  at  this  point  it  was  inferior  to  the  line  of  attachment 
of  the  meso-colon.  Instead  of  becoming  free  jejunum  at  this 
place  the  gut  passed  across  the  colunui  transversely,  Ijring  on 
the  second  lumbar  vertebra,  reaching  the  left  side  of  that 
vertebra,  and  was  for  this  distance  (about  2  inches)  beneath 
the  dorsal  parietal  peritoneum,  and  immediately  ventral  to  and 
in  contact  with  the  pancreas  and  superior  mesenteric  vessels. 

The  jejunum  then  became  gradually  movable  as  its  mesentery 
formed  and  lengthened,  the  dii-ection  of  the  first  part  of  the 
parietal  mesenteric  attachment  being  obliquely  from  right  to  left. 
The  whole  length  of  the  retro-peritoneal  gut,  from  pylorus  on- 
wards, measured  about  13  inchea 

On  the  upper  and  left  side  of  the  flexure  was  a  well-marked' 
peritoneal  pouch,  having  a  mouth  f  inch  in  breadth,  and  a 
depth  of  i  inch ;  its  mouth  was  directed  toward  the  right  side ;  it 
did  not  penetrate  beneath  the  retro-peritoneal  part  of  the 
jejunum.  It  doubtless  represented  a  *  fossa  duodeno-jejunalis ' ; 
it  was  noticeable  that  the  direction  of  its  mouth  was  altered 
in  a  manner  consistent  with  the  displacement  of  the  jejunal  gut. 

A  shallow  '  para-duodenal  pouch '  existed  alongside  the  arteria 
colica  sinistra.  The  subject  also  presented  a  well-marked  hour- 
glass constriction  of  the  stomach,  which  was  formed  by  a  complete 
annular  thickening  of  muscle  of  considerable  substance,  dividing 
the  stomach  at  the  junction  of  the  middle  and  right  thirds  of  its 
axis  into  a  left  chamber  of  about  four-fifths  and  a  right  of  about 
one-fifth  of  its  total  capacity. 


THE   DUODKSO-JEJUSAL   FLEXURE.  669 

The  case  delineated  in  figure  2  was  also  from  a  dissecting-room 
subject  (male,  aged  46  years),  and  was  found  at  an  interval  of 
three  months  after  the  former  case.  The  gut  in  this  case 
iliffered  only  from  the  preceding  in  the  absence  of  complication 
in  the  duodenal  part.  It  passed  through  its  usual  bends,  and 
the  shortness  of  its  third  part  caused  it  to  assume  rather  a  '  V ' 
shape.     It  ^reed  with  tlie  foregoing  case  in — ■ 

(A)  The  continuance  of  the  gut  beneath  the  doisal  parietal 
peritoneum,  across  the  column  at  the  second  Iimibar  vertebra, 


Fig,  2.— -Subject,  male,  aged  46  years.  *,  retro-i>eritoiieal  jejuimm. 
/>d.,  duodenum.  JJ.,  jejunum  with  mesentery.  Ms.,  mesentery, 
a.Si.ve.,  superior  meaenteric  vessels.  Ao.,  aorta.  Pp.,  parieta!  peri- 
toneum. Tr.Mr.,  transverse  meso-colon.  Pn,,  pancreas,  a,  fossa 
duodenalis  auperioria.  /3,  a  twig  from  art.  colica  sinistra  which  is 
within  the  edge  of  the  above  fold,  ficlow  the  superior  fossa  is  a 
small  inferior  fossa,  y,  dotted  line  indicating  the  extent  of  the 
superior  fossa.  S,  dotted  line  indicating  site  of  freedom  of  gttt  fiora 
dorsal  parietal  peritoneum. 

for  about  IJ  inches,  l>ecomiug  then  free  of  the  wall,  save  for  its 
controlling  meaenteiy,  which  in  ita  attachment  followed  a  lite 
oblique  leftward  and  downward  direction  in  its  early  part 

(B)  The  complication  of  the  ascending  colon  by  a  considerable 
loop  of  gut,  which  was  in  this  case  situated  at  its  highest  part, 
close  to  the  hepatic  flexure,  making  the  latter  to  appear  as  if 
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double.  The  convexity  of  the  loop  was  directed  downwarda,  for- 
wards, and  mesially. 

(C)  The  complete  absence  of  any  pathological  peritoneal 
adhesiona 

Two  fossae  were  present  in  the  neighbourhood  of  the  flexure, 
which  are  indicated  in  the  figure.  The  upper  fossa,  'superior 
duodenal/  was  remarkably  large. 

Since  the  finding  of  the  first  described  case,  I  have  examined 
nineteen  others,  noting  the  condition  of  the  flexure  and  the 
condition  of  the  ascending  colon,  whether  straight  or  compli- 
cated by  loops.  In  each  case  the  examination  has  been  made 
immediately  on  opening  the  belly. 

I  found  variations  which  account  for  the  differences  in  the 
descriptions  of  the  several  writers  quoted  above,  besides  a  further 
case  in  which  a  rightward  tendency  was  shown,  though  not  to 
such  a  degree  as  in  the  two  detailed  cases. 

(3)  TaUe  of  Varieties, 


Form. 

No.  of  Cases. 

Direction  of  Bend. 

Condition  of  Aacd. 
Colon. 

1. 

Four. 

Directly  to  left  flank  in  a  bold 
curve,  then  downwards.      Bend 
to  left = 1  to  2  inches  in  a  descent 
of  1  inch. 

Straight. 

Eight. 

Forwards,  downwards,  and  to 
the  left,  then  downwards.     Bend 
to  left-i  to  1  inch  in  descent  of 
1  inch. 

Straight, 

3. 

Six. 

Forwards,  then  straight  down 
on  duodenum. 

Straight. 

4. 

One. 

Forwards,  then  downwards  on 
anterior  surface  of  column,  tend- 
ing to  right  side  ^  inch  in  descent 
of  2  inches. 

Straight. 

5. 

Two. 

Cases    detailed :  —  Forwards, 
transversely  to  right  side,  and 

Complicated  by  loops. 

1 

1 

retro-peritoneal. 

From  the  foregoing  table,  it  will  be  seen  that  the  leftward 
position  (N"os.  1  and  2)  occurred  in  twelve  cases,  and  that  it  is 
considerably  more  common  than  any  other  form ;  the  direction 
forward  and  straight  down  (No.  3)  following  with  six  cases. 
The  rightward  position  was  found  in  three ;  though  in  these,  the 
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-two  described  at  length  must  be  separated  from  the  one  in  the 
fourth  class,  where  the  tendency  rightward  was  but  slight,  and  the 
jejunum  possessed  a  mesentery  from  the  flexure ;  it  was,  however, 
fixed  in  its  rightward  position  by  the  meso-colon,  which  crossed 
it. 

(4)  The  Significance  of  the  Variations. 

The  two  detailed  cases  are,  I  think,  of  interest  beyond  their 
importance  as  variations;  for  the  production  of  the  conditions 
here  found,  viz.,  loss  of  a  normally  present  mesentery  and  the 
-deflected  position,  may  be  found  to  bear  on  the  question  as  to 
the  means  whereby  the  duodenum  normally  loses  its  original 
mesentery,  and  becomes  retro-peritoneal  in  man. 

The  processes  of  peritoneal  distribution  have  been  accounted 
for  by  the  enunciation  of  two  theories : — 

(1)  0.  Hert wig's  theory  of  adhesion  of  continuously  approxi- 

mated peritoneal  surfaces  (9). 

(2)  Treves'  theory  of  peritoneal  traction  (10). 

The  former  theory  postulates  a  deflection  of  the  duodenum  by 
the  over-passing  caecum ;  the  deflected  duodenum  being  applied 
to  the  body  wall  loses  its  mesentery  first  by  the  adhesion,  and 
secondly  by  the  absorption  of  the  contiguous  peritoneal  surfaces. 
Such  a  theory  would  account  for  the  loss  of  the  jejunal  mesentery 
in  the  above  cases,  if  we  can  first  explain  the  rightward  displace- 
ment of  the  gut.     There  is,  however,  no  over-passing  colon,  such 

-  as  diverts  the  duodenum ;  there  is  no  pressure  from  the  left,  but 
apparently  rather  the  reverse,  as  the  great  gut  was  more  ex- 
tensive on  the  right  side  than  is  normal,  so  that  it  actually 
pressed  upon  the  small  gut  from  that  side  by  the  extra  colic  loops 
described  above. 

On  the  other  hand,  Treves,  whilst  recognising  the  possibility 
of  the  adhesion,  and  subsequent  absorption  of  approximated 
surfaces  of  peritonemn  in  some  parts,  believes  that  this  is  not 
the  process  whereby  the  duodenum  loses  its  mesentery,  but  rather 
that  it  is  due  to  an  insufficient  supply  of  peritoneal  covering 
afforded  to  the  rapidly  growing  caecimi  and  great  gut ;  so  that  the 
•caecum  in  its  descent  from  the  region  of  the  pylorus  tends  to 

-  draw  away  any  redundant  peritoneum  such  as  will  exist  on  the 
<<leflection  of  the  duodenum. 
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In  these  two  mses  tiiere  was  an  excessively  loDg  ascending- 
colon,  which  seems  to  indicate  that  the  growth  rightward  and 
downward  of  the  great  gut  was  greater  than  usual.  This  would, 
in  the  terms  of  Treves'  theory,  cause  the  requisition  of  further 
peritoneum  from  the  dorsal  parietea  Now,  the  extremity  of  the 
duodenum  is  fixed  by  its  suspensory  band,  so  that  it  cannot  be 
further  displaced,  but  ample  supplies  could  be  afforded  to  the 
great  gut  if  its  lateral  and  downward  traction  force  were 
sufficient  to  retract  the  redimdant  peritoneum  of  the  jejunal 
mesentery  immediately  succeeding  the  duodenum..  That  the 
colon  could  effect  such  a  further  traction  seems  a  reasonable 
conclusion,  more  es].)ecially  as  this  traction  woidd  at  the  same 
time  produce  the  rightward  deflection  of  the  *  bared'  jejunum, 
which  would  otherwise  remain  unexplained. 

In  the  absence  of  any  evidence  as  to  the  existence  of  some 
directing  influence,  such  as  Hertwig's  theory  would  require,  to 
cause  the  rightward  (lisx>lacement  of  the  jejunum,  and  on  the 
existence,  on  the  contrary,  of  the  general  tendency  which  the 
presence  of  the  large  liver  must  have  in  keeping  the  upper  part 
of  the  gut  to  the  left  side,  these  two  cases,  with  their  rightward 
direction,  retro-peritoneal  position,  and  coincident  elongated  and 
looped  ascending  colon,  must,  I  think,  be  allowed  to  lend  con- 
siderable support  to  the  theory  of  peritoneal  traction,  as  pro- 
pounded by  Treves. 

The  supposition  that  the  colic  loops  indicate  an  excessive 
growth  is,  I  think,  warranted  by  the  coincident  excess  in  size 
of  the  duodenum  in  the  first  case,  also  by  reason  of  the  chambered 
stomach,^ — if  we  may  accept  Wiedersheim's  suggestion  (13)  that 
a  bilocular  stomach  is  a  progressive  feature, — but  chiefly  by  reason 
of  the  uncomplicated  condition  of  the  colon  in  all  the  other 
cases. 

(5)  Attempt  at  Ei'perimental  Froductimi. 

I  have  attempted  experimentally  to  determine  whether  manual 
traction  on  the  upper  part  of  the  hepatic  flexure  would  produce 
a  displacement  of  the  commencement  of  the  jejunum  and  unfold 
its  mesentery. 

'  On  bilocular  stomach,  see  Keith,  Jour,  Anai.t  April  1898,  pw  456. 
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The  subject  used  was  a  female,  aged  18  years,  deceased  only 
one  day.  The  commencement  of  the  jejunum  occupied  the 
*  third '  position,  i,e.,  forwards  and  downwards.  No  peritoneal 
fossae  were  present.     The  ascending  colon  was  straight. 

A  wooden  clamp,  3  inches  in  length,  was  fixed  to  the  colon 
immediately  below  the  hepatic  flexiu-e ;  steady  traction  was 
exerted  thereon  in  a  rightward  and  downward  direction  by  means 
of  a  spring  balance.  The  colon  rapidly  acquired  a  mesentery, 
and  the  jejuniial  mesentery  shitted  its  position  on  the  parietes 
so  that  the  small  gut  lay  transversely  to  the  column.  At  this 
point  the  balance  registered  a  tension  of  10  lbs.  The  peritoneum 
now  unfortunately  tore,  leaving  the  colon  free.  The  jejunal 
mesentery  was  not  unfolded  by  the  pulling,  but  subsequent  gentle 
traction  with  the  finger-tips  easily  displaced  it,  so  that  the  gut 
became  retro-peritoneal, — thus,  at  any  rate,  showing  how  easily 
peritoneal  displacement  may  be  effected. 

(6)  Embryological  Evuience. 

I  have  examined  the  literature  of  the  development  of  the 
part,  hoping  that  it  might  throw  some  light  on  the  subject,  but 
there  does  not  appear  to  be  any  very  definite  information. 

His's  figures  (11)  seem  to  indicate  that  as  soon  as  the  various 
parts  of  the  alimentary  canal  are  differentiated,  that  which  wiU 
be  the  first  part  of  the  jejuniun  occupies  a  position  to  the  left 
of  the  median  line,  from  which  it  passes  into  the  loose  coils  of 
gut  by  a  gentle  curve  downwards  from  left  to  right. 

Dexter  (12),  in  a  recent  communication  on  the  subject,  says 
that  after  the  recession  of  the  gut  from  the  ventral  hernia,  *'  the 
jejunum  usually  forms  a  simple  loop  towards  the  right  side  of 
the  embryo."  Apparently  this  description  refers  to  the  jejunum 
as  a  whole,  so  that  one  cannot  make  use  of  the  observation  here. 
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NOTES  ON  A  SEEIES  OF  THIRIT-NINE  CASES  OF 
MECKEL'S  DIVEETICULUM.  By  Louis  J,  Mitchell, 
M.D.,  late  Coroner^s  Fhysician,  Chicago. 

The  writer  having  made  a  number  of  necropsies,  and  having 
searched  for  this  diverticulum  in  each  one,  presents  the  following 
notes  as  a  contribution  to  the  statistics  of  its  frequency  of 
occurrence. 

.In  aU,  1635  bodies  were  examined.  Of  these,  1330  were  males, 
and  the  diverticulum  was  present  thirty-five  times ;  of  the  305 
females,  it  was  present  in  only  four. 

ThQ  cases  were  as  f oUows : — 

Case  1. — Male,  set.  45.  Death  from  morphine  poisonings 
Tubular  diverticulum,  fuU  calibre  of  intestine,  2  inches  long,  24 
inches  from  valve,  mesentery  nearly  to  tip. 

Case  2. — Male,  fiet.  19.  Death  from  fractui-e  of  skulL 
Tubular  diverticulum,  full  calibre  of  intestine,  1^  inches  long,  36 
inches  from  valve. 

Case  3. — Male,  set.  23.  Death  from  fracture  of  skulL 
Tubular  diverticulum,  full  calibre  of  intestine,  2  J  inches  long,  30 
inches  from  valve. 

Case  4. — Male,  set.  50.  Death  from  cardiac  aneurism.  Cord- 
like diverticulum,  tip  attached  near  internal  abdominal  ring,  2  J 
inches  long,  patent  for  I  inch,  6  inches  from  valve. 

Case  5. — Female,  set.  24.  Death  from  peritonitis.  Tubular 
diverticulum,  fuU  calibre  of  intestine,  1  inch  long,  15  inches. 
from  valve,  arising  from  side  of  gut. 

Case  6. — ^Male,  set.  23.  Death  from  stab  woimd.  Tubular 
diverticulum,  full  calibre  of  intestine,  3i  inches  long,  35  inches 
from  valve. 

Case  7. — Male,  set.  35.  Death  from  fatty  heart.  Tubular 
diverticulum,  1  inch  in  diameter,  1^  inches  long,  34  inches  from 
valve. 

Case  8. — Male,  set.  33.     Death   from   empyema.     Tubular 
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diverticulum,  1  inch  in  diameter,  1  inch  long,  15  inches  from 
valve. 

Case  9. — Male,  set.  23.  Death  from  bullet  wound.  (Conical 
diverticulum,  2  inches  in  diameter  at  base,  2  inches  long,  16 
inches  from  valve,  mesentery  half  way  to  tip. 

Case  10. — Male,  aet.  38.  Death  from  bullet  wound.  Tubular 
diverticulum,  J  inch  in  diameter,  ^  inch  long,  36  inches  from 
valve. 

Case  11. — Female,  set.  26.  Death  from  fracture  of  the  skulL 
Tubular  diverticulum,  1  inch  in  diameter,  2  inches  long,  24 
inches  from  valve.  Mesentery  to  tip,  pointing  towards  head, 
lying  on  top  of  intestinal  coils. 

Case  12. — Male,  set.  49.  Death  from  morphine  poisoning. 
Conical  diverticulum,  2  inches  in  diameter  at  base,  3  inches  long, 
36  inches  from  valve. 

Case  13. — Male,  set.  4  months.  Death  from  inanition. 
Conical  diverticulum,  f  inch  in  diameter  at  base,  f  inch  long, 
16  inches  from  valve,  arising  from  side  of  gut  close  to  mesentery. 

Case  14. — Male,  set.  41.  Death  from  alcoholism.  Tubular 
diverticulum,  1  inch  in  diameter,  2  inches  long,  26  inches  from 
valve. 

Case  15. — Male,  aet.  27.  Death  from  prussic  acid  poisoning. 
Conical  diverticulum,  2  inches  in  diameter  at  base,  1  inch  long, 
24  inches  from  valve ;  mesentery  half  way  to  tip. 

Case  16. — Male,  set.  45.  Death  from  fracture  of  skull. 
Tubular  diverticulum,  f  inch  in  diameter,  1  inch  long,  30  inches 
from  valve. 

Case  17. — Male,  set.  41.  Death  from  alcoholism.  Inverted 
conical  diverticulum,  IJ  inches  in  diameter  at  free  edge,  1  inch 
at  attachment  to  bowel,  3  inches  long,  36  inches  from  valve. 
Intestines  adhering  to  each  other  by  firm  adhesions;  diverti- 
culimi  also  adherent  to  loop  of  intestine. 

Case  18. — Male,  aet.  60.  Death  from  alcoholism.  Tubular 
diverticulum,  1  inch  in  diameter,  2  inches  long,  20  inches  from 
valve.  Adhering  to  mesentery  of  intestine,  and  pointing  towards 
head. 

Case  19. — Male,  set.  23.  Death  from  bullet  wound.  Tubu- 
lar diverticulum,  1  inch  in  diameter,  3  inches  long,  36  inches 
from  valve.     Mesentery  nearly  to  tip. 
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Case  20.— Male,  set.  8.  Death  from  l)ullet  wound.  Tubular 
<liverticulum,  J  inch  in  diameter,  1  iucli  long,  20  inches  from 
valve.     Small  secondary  diverticula  from  tip. 

Case  21. — Male,  set.-  45.  Death  from  bullet  wound.  Tubu- 
lar diverticulimi,  1  inch  in  diameter,  4  inches  long,  36  inches 
from  valve.     Two  large  secondary  diverticula  at  tip. 

Case  22. — Male,  set.  28.  Death  from  bullet  wound.  Conical 
^liverticulum,  3  inches  in  diameter  at  Iwise,  3  inches  long,  35 
inches  from  valve. 

Case  23.— Male,  set.  55.  Death  from  alcoholism.  Tubular 
<liverticidum,  1  inch  in  diameter,  4  inches  long,  30  inches  from 
valve.  Adhering  to  mesentery  of  intestine,  and  pointing  to- 
wards head. 

Case  24. — Male,  set.  42.  Death  from  bullet  wound.  Tubular 
diverticulum,  full  calibre  of  intestine,  2  inches  long,  18  inches 
from  valve. 

Case  25. — Male,  set.  22.  Death  from  enteric  fever.  Tubu- 
lar diverticulmu,  full  calibre  of  intestine,  IJ  inches  long,  30 
inches  from  valve.     No  ulcers  in  diverticulum. 

Case  26. — Female,  set.  50.  Death  from  alcoholism.  Tubular 
'diverticulimi,  1  inch  in  diameter,  2  inches  long,  35  inches  from 
valve. 

Case  27. — Male,  aet.  35.  Death  from  pulmonary  tuber- 
culosis. Hammer-shaped  diverticulimi,  2  inches  in  width  at 
tip,  IJ  inches  long,  36  inches  from  valve.  Adhering  to  mesen- 
tery of  intestine. 

Case  28. — Male,  set.  52.  Death  from  nephritia  Tubular 
•^liverticulum,  full  calibre  of  bowel,  li  inches  long,  30  inches 
from  valve.  Adhering  to  mesentery  of  intestine  by  slight  ail- 
hesions,  pointing  towards  head. 

Case.  29. — Male,  set  20.  Death  from  pulmonary  hsemorrhage. 
Tubular  diverticulum,  IJ  inchas  in  diameter,  2J  inches  long, 
38  inches  from  valve. 

Case  30. — Male,  set.  57-  Death  from  endocarditis.  Tubular 
•diverticulum,  IJ  inches  in  diameter,  2i  inches  long,  20  inches 
from  valve. 

Case  31. — Male,  set.  46.  Death  from  cerebral  apoplexy- 
Tubular  diverticulum,  1  inch  in.  diameter,  2^  inches  long,  21 
inches  from  valve. 
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Case  32. — Male,  set.  38.  Death  from  raikoad  accident. 
Olobular  diverticiilum,  2  inches  in  diameter,  38  inches  from  valve^ 

Case  33. — Male,  set.  55.  Death  from  valvular  disease. 
Tubular  diverticulum,  f  inches  in  diameter,  4  inches  long,  40 
inches  from  valve. 

Case  34. — Male,  set.  42.  Death  from  diabetes.  Cord-like 
diverticulum,  J  inch  in  diameter,  IJ  inches  long,  8  inches  above 
valve ;  tip  free. 

Case  35. — Female,  aet.  60.  Death  from  enteritis.  Tubular 
diverticulum,  |  inch  in  diameter,  1  inch  long,  30  inches  from 
valve.    Arises  from  side  of  intestine. 

Case  36. — Male,  aet.  16.  Death  from  bullet  wound.  Tubular 
diverticulum,  1  inch  in  diameter,  1^  inches  long,  30  inches  from- 
valve. 

Case  37. — Male,  set.  53.  Death  from  bullet  wound.  Conical 
diverticulum,  1  inch  in  diameter  at  base,  1  inch  long,  31  inches, 
from  valve. 

Case  38. — Male,  aet.  32.  Death  from  morphine  poisoning. 
Tubular  diverticulum,  |  inch  in  diameter,  2  J  inches  long,  37 
inches  from  valve ;  small  secondary  diverticula  at  tip. 

Case  39. — Male,  aet.  38.  Death  from  asphyxiation  by- 
illuminating  gas.  Tubular  diverticulum,  1  inch  in  diameter,  2 
inches  long,  33  inches  from  valve. 

It  seems  worthy  of  note  that  7  of  the  cases  occurred  in  Poles, 
though  no  unusual  number  of  this  nationality  was  examined ; 
and  while  109  negroes  were  examined,  the  diverticulum  was- 
found  but  once  (No,  37). 

As  regards  contents,  2  contained  soft  faeces ;  the  others  were 
either  empty  or  contained  flatus.  All  the  specimens  met  with 
came  off  at  right  angles  to  the  bowel.  Oderfeld  has  pointed  out 
that  the  presence  of  congenital  malformations — hare-lip  and  the 
like — in  patients  with  symptoms  of  intestinal  obstruction  renders, 
it  possible  in  some  cases  to  diagnose  the  obstruction  as  being 
due  to  the  presence  of  a  diverticulum.  In  none  of  the  present 
cases  was  any  such  malformation  found. 

Finally,  attention  may  be  directed  to  the  extreme  irregularity- 
with  which  this  diverticulum  is  found.  The  average  yearly 
number  of  necropsies  was  400.  On  two  occasions  they  occurred 
on  successive  days,  while  at  other  times  one  or  two  hundred 
bodies  might  be  examined  without  finding  one. 


CONGENITAL  ABNORMALITIES  OF  THE  HEART  IN 
THE  INSANE  By  Fbahcis  0.  Simpsoh,  LB.C.P.  Lond., 
F.R.C.S.  Eng.,  Pathologid  and  Amdant  Medical  Officer  to 
the  West  Biding  Asylum,  Wakefield, 

The  occurrence  o£  lour  casea  of  redundancy  ot  the  pulmonary 
valves  during  the  past  two  years,  and  the  discussions  consequent 
thereon,  have  led  to  the  investigation  which  forms  the  basis  oF 
this  paper.     When  the  first  of  these  abnormalities  was  noticed. 


the  senior  members  of  the  staff  who  were  present  expressed  the 
opinion  that  It  was  the  only  case  of  the  hind  which  had  been  seen 
in  the  poBt-mortem  room  of  the  West  Riding  Asylum,  Wakefield, 
ftOd  upon  examination  of  the  records  such  proved  to  be  the  case. 

It  has  been  suggested  to  me  from  an  outelde  source  that  these 
abnormalities  of  the  heart  are  comparatively  common,  and  that 
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the  paucity  of  iDsttinces  recorded  is  due  to  tiio  fact  that  the 
cases  are  not  written  up  at  the  time  of  the  autopey,  and  aubse- 
qiiently  the  amaller  details  of  interest,  such  as  patencj  of  the 
foramen  ovale,  or  non-patholc^cal  anomalies  of  the  varioas 
valves,  may  be  omitted.  This  source  of  fallacy  may,  however, 
be  eliminated  in  the  present  series  of  cases;  the  appearances 
noted  are  always  dictated  by  the  medical  ofBcer  to  a  clinical 


clerk  at  the  time  of  examination,  and  such  has  always  been  the 
custom  in  this  institution. 

In  the  present  paper  a  period  of  thirty-one  years  will  be  con- 
sidered, and  a  total  of  4252  necropsies,  of  which  2496  were 
conducted  upon  male  subjects  and  1756  upon  female.  Congenital 
abnormalities  of  the  heart  were  found  present  in  14S  cases  of 
the  total  number,  or  3'4S  per  cent. ;  103  of  these  cases  were  in 
males,  or  412  per  cent.,  and  45  in  females,  or  2'56  per  cent. 
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It  may  be  alleged  that  these  figures,  dealing  as  they  do  with 
an  insane  conununity,  are  very  different  from  those  which  would 
be  obtained  by  an  analysis  of  the  post-mortem  records  of  a 
•general  hospital,  and  such  may  possibly  be  the  case.  It  is  only 
reasonable  to  suppose,  however,  that  such  anomalies  will  be 
more  common  among  the  insane  than  amongst  those  at  large,  sur- 
rounded as  we  are  in  these  institutions  by  the  various  stigmata 
of  degeneracy.  Unfortunately,  I  have  been  unable  to  find  any 
definite  data  upon  which  to  establish  a  comparison,  and  can  only 
hope  that  the  pathologist  of  some  large  general  hospital  may  at 
«ome  future  time  give  the  profession  the  benefit  of  his  experience. 

Amongst  the  various  forms  of  congenital  abnormalities  of  the 
lieart,  fenestration  of  the  various  valves  stands  out  pre-eminently 
^8  the  most  common,  and  appears  to  have  no  baneful  influence 
upon  the  duration  of  life,  nor  to  give  rise  to  any  untoward 
symptoms  when  unaccompanied,  as  is  usually  the  case,  by  val- 
vular insuflBciency,  of  which  the  reticulation  may  be  either  the 
cause  or  an  ineffective  concomitant.  In  101  cases  the  various 
valves  of  the  heart  were  found  more  or  less  fenestrated,  equi- 
valent to  2*37  per  cent. ;  but  the  most  striking  fact  is  the  vast 
difference  in  the  number  of  cases  as  divided  between  the  two 
•sexes,  84  examples,  or  3*36  per  cent.,  occurring  amongst  the 
males,  whilst  only  17  cases,  or  '96  per  cent.,  were  females. 

The  following  table  shows  at  a  glance  the  frequency  of  this 
anomaly  as  distributed  among  the  various  cardiac  valves : — 


<    Fenestrated  aortic, 

pulmonary,    . 
mitral,    . 
tricuspid, 


19 


|} 


»» 


Totals, 


It  will  be  noticed  how  much  more  frequent  this  condition  is 
in  the  aortic  valves  than  in  any  other  situation — four  times  more 
frequent  than  in  the  pulmonary ;  also  that  the  male  sex  shows 
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the  anomaly  five  times  as  often  as  the  female.  In  the  case  of 
the  pulmonary  valves  the  males  are  affected  three  times  as  often* 
as  the  females,  and  in  the  mitral  valve  five  times  as  often  as  the 
females,  though  the  latter  valve  is  only  affected  once  for  every 
twelve  times  that  its  fellows  on  the  same  side  of  the  heart  are- 
found  reticulated.  Lastly,  the  tricuspid  valve  will  he  seen  to  he 
fenestrated  much  the  most  seldom — in  only  two  instances,  both 
of  the  female  sex. 

Into  the  exact  average  of  the  ages  at  death  and  mental  con- 
dition of  these  cases  it  has  seemed  imnecessary  to  enter.    SufiBce- 
it  to  say  that  all  clinical  forms  of  insanity  and  every  period  of 
life  are  represented  in  their  category  so  equally  that  an  exact 
analysis  wotdd  be  a  waste  of  time  and  space. 

Having  disposed  of  the  cases  of  fenestrated  valves,  it  will  be 
seen  how  tremendously  our  numbers  are  diminished,  showing 
the  great  rarity  of  congenital  abnormalities  of  the  heart  in  the 
insane.  Out  of  4252  post-mortem  examinations  upon  the  two 
sexes,  only  47  cases  of  congenital  structural  defect  remain :  19  of 
these  occurred  in  the  2496  males,  and  28  in  the  1756  females. 
The  average  age  at  death  for  both  sexes  was  47  years :  in  the 
males  50*6  years,  and  in  the  females  44*4  years.  [The  average 
age  of  all  persons  dying  in  the  asylum  during'  the  years  1894 
and  1895  was  49*5  years  for  both  sexes:  48  years  for  males, 
and  51  years  for  females.]  The  mental  states  at  the  time  of 
death  are  shown  in  the  subjoined  table : — 


Totals. 

Males. 

Females. 

Cougenital  defect  with  epilepsy, 

2 

1 

1 

,,            ,,      without  epilepsy, 

4 

1 

3 

Epileptic  dementia, 

4 

2 

2 

General  paralysis, 

8 

4 

4 

Acute  mania,      .... 

2 

■  •  • 

2 

Chronic  mania,  . 

8 

2 

1 

Recurrent  mania,       .... 

1 

•  •  • 

1 

Acute  melancholia, 

3 

2 

1 

Chronic  melancholia, 

6 

1 

5 

Primary  dementia,     . 

1 

•  •  • 

1 

Secondary  dementia,  . 

9 

3 

6 

Semle  dementia, 

4 

3 

1 

1 

Totals 

47 

19 

28 
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In  none  of  these  47  cases  was  the  condition  of  the  heart 
diagnosed  during  life  from  symptoms  exhibited ;  and  in  only  9  o( 
the  total — viz.,  3  males  and  6  females — were  there  any  symptoms 
of  cardiac  lesion  before  death,  these  signs  being  invariably  those 
of  some  coexisting  pathological  state  rather  than  of  the  eon- 
genital  defect. 

By  far  the  most  common  of  these  abnormalities  was  patency 
of  the  foramen  ovale,  which  occurred  in  27  instances,  or  37*45 
per  cent  of  the  total, — the  males  being  9  in  number,  or  19*15 
per  cent.,  and  the  females  18,  or  38*3  per  cent.  Thus  it  will 
be  observed  that  this  defect  is  just  twice  as  common  in  women 
•as  in  men.  The  ages  at  death  for  both  sexes  averaged  48 
years;  that  of  the  males  being  54*5  years,  and  of  the  females 
44'2  years.  The  mental  conditions  at  the  time  of  death  are 
shown  in  the  subjoined  table: — 


Totals. 

2 
3 
4 
5 

1 
1 
1 
3 
4 
3 

Males. 

1 
Females. 

Congenital  defect  with  epi 
,,          ,,        without 
Epileptic  dementia,   . 
General  paralysis, 
Acute  mania, 
Chronic  mania,  . 
Acute  melancholia,     . 
Chronic  melancholia, 
Secondary  dementia, 
Senile  dementia, 

I'p^i 

jpsy, 

■ 

1 

•  •  • 

2 

1 

•  •  • 

1 

«  •  • 

2 
2 

1 
3 
2 
4 

1 

»  ■  • 

1 
3 
2 

1 

Totals,      . 

■                          a 

• 

27 

9 

18 

Out  of  these  27  cases,  cardiac  symptoms  were  only  observed 
in  3  during  life, — 2  of  these  being  men,  and  the  third  a  woman ; 
and  they  were  always  those  of  some  accompanying  cardiac 
lesion. 

Having  thus  eliminated  the  commoner  varieties  of  cardiac 
anomalies,  we  come  to  the  more  interesting  cases  of  valvular 
deficiency,  or  redundancy,  as  the  case  may  be ;  and  20  examples 
•of  these  remain  for  our  consideration  out  of  the  4252  necropsies, 
10  of  either  sex,— the  average  ages  at  death  being  4575  years 
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for  both  sexes ;  47  years  for  the  males,  and  44'5  years  for  the^ 
females.  The  mental  conditions  at  death  are  shown  in  the- 
foUowii^  table : — 


I 

Totols. 

Males. 

1 

•  •  • 

Females. 

Congenital  defect  with 
General  paralysis, 
Acate  mania, 

epilef 

wy, 

1 

1 

3 

1 

•  •  • 

i 

Chronic  mania,    . 

2 

1 

1        1 

Recurrent  mania, 
Acate  melancholia, 
Chronic  melancholia,    , 

1 
2 
8 

... 
2 
1 

1 

•  •  • 

2 

Primary  dementia, 
Secondary  dementia,     . 
Senile  dementia,   . 

1 
5 

1 

•  ■  • 

1 
1 

10 

1 
4 

1 

Totals,         .        .        .        . 

1 

20 

10 

In  1  male  and  4  female  cases  only  out  of  the  above  20  were 
any  symptoms  noticed  during  life,  viz.,  Case  2,  a  female,  in  which* 
the  pulmonary  valves  were  adherent  to  one  another  and  the 
orifice  smaller  than  average,  the  symptoms  being  those  of 
valvular  incompetence ;  Case  5,  a  female,  the  valvular  anomaly 
being  a  tricuspid,  with  one  large  and  one  small  valve  segment^ 
and  the  symptoms  those  of  insufficiency;  Cast  16,  a  male,  in 
which  there  were  only  two  cusps  to  the  aortic  valve,  and  the 
symptoms  were  those  of  aortic  regurgitation ;  Case  ^i,  a  female, 
in  which  there  was  the  same  abnormality,  with  symptoms  of 
aortic  incompetence  and  obstruction;  and  Case  37 y  a  female,  in 
which  the  pulmonary  valve  possessed  four  segments,  but  the 
patient  died  from  mitral  obstruction. 

Eeference  to  the  following  table  will  show  the  valve  which  is 
abnormal  in  each  case,  and  the  nature  of  the  anomaly,  together 
with  the  sex,  age,  and  mental  state  at  death  of  the  patient,  and 
the  causes  of  death,  as  certified  in  the  medical  certificate. 

With  regard  to  frequency,  it  will  be  observed  that  in  8  cases,. 
6  males  and  2  females,  the  aortic  valves  are  affected ;  the  pul- 
monary valves  are  the  next  most  common  site  of  abnormality,, 
their  cusps  being  affected  in  6  instances,  2  males  and  4  females ; 
after  these  comes  the  mitral,  4  cases,  1  male  and  3  females ;  and,. 
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finally,  the  tricuspid  is  least  often  abnormal,  being  found  to  vary 
in  1  case  only  of  either  sex  out  of  the  4252  examined. 

Concerning  the  variety  of  the  abnormality  noticed,  it  will  be 
observed  that  there  are  5  instances  out  of  the  20  cases  in  which 
there  were  only  two  cusps  to  the  aortic  valve,  3  of  these  occur- 
ring in  males  and  2  in  females;  this  is  therefore  the  most 
common  site  and  variety  of  abnormality.  Next  in  order  comes 
redundancy  of  the  pulmonary  cusps,  4  examples  of  this  being 
noticed  out  of  the  20  cases,  2  in  either  sex,  the  valve  segments 
being  in  three  cases  out  of  the  four  of  equal  size  and  symmetrical 
in  shape,  and  in  the  fourth  case  one  segment  being  much  smaller 
than  the  others  and  greatly  malformed.  The  third  most  common 
variety  is  to  find  one  cusp  of  the  mitral  valve  small  and  rudi- 
mentary, which  occurred  in  1  male  and  2  females. 

It  has  not  been  considered  necessary  to  work  out  the  per- 
centages of  occurrence  of  each  of  these  abnormalities— rail  will 
be  seen  to  be  extremely  rare — but  an  attempt  has  been  made  to 
demonstrate  their  relative  frequency ;  and  though  some  data  on 
this  subject  may  exist,  the  writer  has  been  unable  to  find  any 
such,  either  affecting  the  insane  or  the  general  community. 


NOTE  ON  A  CASE  OF  SIX  LUMBAR  VERTEBRAE  AND 
ABNORMAL  MIDDLE  SACRAL  ARTERY.  By  A.  E. 
Taylor,  Downing  Coll^,  Cambridge. 

On  exposing  the  posterior  abdominal  wall  of  an  adult  male,  the 
aorta  appeared  to  bifurcate  higher  than  usual ;  on  close  investi- 
gation, however,  it  was  found  that  the  bifurcation  took  place  in 
the  usual  situation  (viz.,  opposite  the  disk  between  the  4th  and 
5th  lumbar  vertebrae),  and  that  the  appearance  of  high  bifurca- 
tion was  due  to  the  presence  of  a  sixth  lumbar  vertebra  below 
the  bifurcation.  An  examination  of  the  thorax  showed  that  all 
twelve  ribs  were  present,  and  it  was  therefore  concluded  that 
thiB  sixth  lumbar  vertebra  was  sacral  in  origin,  and  had  not 
fused  with  the  other  elements  which  generally  go  to  make  up 
the  sacrum.  An  examination  of  the  sacrum,  however,  showed 
it  to  be  made  up  of  five  elements  ankylosed  together ;  and  arti- 
culated to  the  post-axial  end  of  tUs  was  the  coccyx,  consisting  of 
four  segments,  with  the  faint  trace  of  a  fifth.  At  the  pre-axial 
end  the  sacrum  was  joined  to  the  sixth  lumbar  vertebra  by 
ligaments  and  a  large  intervertebral  disk.  The  costal  and  trans- 
verse processes  were  very  wide,  and  moulded  on  the  top  of  the 
.  «acnun,  fitting  closely  to  its  upper  surface,  and  bound  by  ligaments. 

An  examination  of  the  lumbar,  sacral,  and  coccygeal  nerves 
showed  that  there  was  no  rearrangement  of  the  nerve  cords 
corresponding  with  the  alteration  of  the  bony  constituents  of  the 
pelvis. 

The  middle  sacral  artery  was  very  large,  giving  off  two  Imnbar 
arteries  of  the  usual  size,  one  on  either  side,  to  supply  the  parts 
corresponding  to  the  fifth  lumbar  vertebra  (each  giving  a  branch 
into  the  spinal  canal  and  a  branch  backwards,  and  a  continua- 
tion into  the  muscles  of  the  abdominal  wall).  It  then  proceeded, 
with  gradually  diminishing  size,  down  the  middle  line  to  the  tip 
-of  the  coccyx.  There  was  a  very  minute  pair  of  lumbar  arteries, 
also  arising  from  the  middle  sacral  at  a  lower  level,  and  supply- 
ing the  interval  between  the  intercalated  sixth  lumbar  vertebra 
and  the  first  sacral. 


CONTRIBUTIONS  TO  THE  COMPARATIVE  ANATOMY 
OF  THE  NEUROGLIA :  ^  Being  Part  of  the  Thesis  for 
THE  Degree  of  Doctor  of  Medicine  of  Edinbubgb 
University,  July  1897.  By  F.  W.  Eurich,  M.D. 
(Plates  XVI.,  XVII.) 

To  Grolgi's  method  before  all  others  is  the  honour  due  of  having 
revealed  to  us,  in  their  entirety,  the  units  of  which  the  nervous 
system  is  composed.  It  has  sheared  through  the  tangled  mass 
of  erroneous  conceptions  and  contradictory  theories,  and  has 
displayed  the  principles  of  nerve-architecture  in  all  their  beautj 
and  simplicity.  The  neuroglia  has  shared  with  the  purely 
nervous  structures  this  beneficent  influence.  The  neuroglia  was 
shown  to  consist,  in  adult  man,  of  masses  of  richly-branched 
cells — which  Deiters  had  already,  in  part,  seen — the  branches 
constituting  that  intricate  fibrous  felt-work  in  which  nerve-cells 
and  nerve-fibres  are  embedded. 

Two  species  of  the  glia-cells  (syn., "  astrocytes,"  "  spider-cells  ")- 
are  recognised,  each  liable  to  slight  variations  according  to  the 
site  they,  occupy.  The  first  species,  called  **  fibre-cells"  by 
Andriezen,  occur  in  both  the  white  and  the  grey  matter :  they 
consist  of  a  small,  three-  or  more-sided  body,  with  many  long, 
smooth,  wiry,  generally  unbranched  processes  issuing  from  it 
These  fibres  may  quit  the  cell-body  from  every  part  of  its  cir- 
cumference, or  only  from  one-half  of  it,  as  in  the  sub-pial  layers^ 
or  merely  from  its  two  poles. 

The  second  species  of  glia-ceUs  is  small,  with  short,  branched, 
and  rough  processes,  which  are  often  so  numerous  as  almost  to 
hide  the  cell-body.  Their  habitat  is  almost  solely  the  grey 
matter. 

When  Golgi's  **  rapid  method  "  was  applied  to  the  embryonic 
nervous  system,  it  was  found  that  these  glia-cells  appear  to 
develop  from  the  ectodermic  cells  lining  the  central  medullary 

^  In  the  course  of  these  investigations  we  have  been  seriously  handicapped 
by  the  impossibility  of  gaining  access  to  much  of  the  literature  bearing  on  our 
subject.  More  particularly  was  this  the  case  with  the  papers  of  Spanish  and 
Italian  authors  :  failing  the  original  articles,  we  had  to  content  ourselTes  with 
abstracts. 
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canaL  This  is  now  the  generally  accepted  view,  though  it  stilf 
finds  an  opponent  in  His;  and  Bamon  y  Cajal  himself  but  a 
short  time  ago  supported  the  dualistic  theory  of  their  develop- 
ment. It  is  possible  to  uphold  such  a  dualistic  theory,  as  not 
every  stage  from  the  ependyma-cell  to  the  fully-formed  astrocytes 
has  as  yet  been  observed  in  man.  Nor  can  we  supply  the  missing 
evidence,  though  we  hope  to  furnish  facts  which  will  still  further 
add  to  the  probability  that  the  ectodermic  theory  is  the  correct 
one. 

It  was  soon  found  that  in  the  lower  vertebrates  a  similar 
developmental  process  to  that  in  man  took  place.  As  embryo- 
rats  and  mice,  and  above  all  the  chick,  furnished  material  of  a 
more  manageable  size  and  more  readily  obtainable  in  a  fresh 
condition,  the  metamorphosis  of  the  neuroglia  was  studied  in> 
th^se.  Though  this  part  of  the  subject  has  been  very  carefully 
worked  out  by  Cajal  and  many  others,  we  yet  thought  it  desir- 
able to  study  it  from  original  preparations,  partly  because  it 
forms  the  natural  foundation  for  what  is  to  follow,  and  partly 
because  one  or  two  points  have  not  had  attached  to  them  that 
degree  of  importance  which  in  our  opinion  they  deserve. 

The  ependyma-celJs,  having  sent  each  a  long  process  to  the 
periphery,  begin  to  multiply  till,  not  having  sufficient  room 
around  the  canal,  they  pass  outwards.  But  before  this  passage 
outwards  occurs,  a  bifurcation  of  the  process  takes  place.  Both 
bifurcation  of  the  process  and  dislocation  of  the  ependyma-cell 
begin  in  the  ventral  region  of  the  spinal  cord — excluding  that 
small  area  which  is  destined  to  form,  later  on,  the  fioor  of  the 
anterior  median  fissure.  In  other  words,  the  bifurcation  and 
the  appearance  of  displaced  ependyma-cells  are  first  noticed  in 
that  part  of  the  cord  which,  developing  the  fastest  and  curling 
over  ventrally  (thus  forming  the  anterior  median  fissure),  presents 
a  greater  increase  in  area,  on  transverse  section,  and  an  extent 
of  circumference  greatly  surpassing  that  of  the  central  canal. 
The  importance  of  this  is  obvious.  Assuming  that  the  ependyma 
is  intended  to  play  a  passive  role — that  is  to  say,  either  as  a 
supporting  or  as  an  insulating  agent  to  the  nervous  structures — 
it  must  do  one  of  two  things  to  fulfil  its  duties  when  the 
nervous  structures  grow  and  extend  as  above  described  :  firstly,, 
it  may  cause  its  long  processes  to  divide,  and  thus  cover  a  larger 
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field;  and  secondly,  it  may  increase  the  number  of  its  cell- 
elements  and  crowd  them  outwards ;  or  it  may  do  botL  The 
first  is  chosen  as  the  simpler  alternative  :  after  a  time  it  proves 
insuflScient,  and  is  therefore  combined  with  the  other. 

This  explanation  of  well-known  facts  appears  to  us  such  a 
natural  and  important  one,  that  we  are  surprised  not  to  have  come 
•across  it  in  the  literature  at  our  disposal.  As  the  cord  grows, 
.the  processes  of  more  dorsally-situated  cells  become  branched 
also,  but  never  to  such  an  extent  as  the  ventral  ones,  which  may 
give  off  three,  nay,  in  some  instances  four  branches,  to  the  peri- 
phery. Not  only  the  ependyma-cells  at  the  central  canal,  but 
^so  those  that  have  become  displaced  outwards  present  this 
(bifurcation  of  their  processes.  We  shall  in  future  call  these 
•displaced  ependyma-cells  "  astroblasts,"  following  Lenhoasek's 
•example,  and  assuming  them  to  be  the  progenitors  of  the  "  astro- 
cytes." It  may  here  be  stated  that,  at  or  about  the  8th  day  in 
the  chick,  shorter  branches,  not  go  ng  to  the  periphery,  are 
developed  from  the  main  processes  of  the  anterior  and  lateral 
astroblasts  at  some  spot  between  the  point  of  bifurcation  and 
the  cell-body.  These  short  branches,  with  few  exceptions,  pass 
directly  forward;  possibly  their  development  may  stand  in 
some  relation  to  those  lateral  neuroblasts  which  have  at  about 
this  stage  turned  on  their  axes,  so  as  to  give  their  long  diameter 
a  sagittal  direction. 

Another  salient  feature  of  the  ependyma-cells  and  their 
'derivations,  the  astroblasts,  is  the  gradual  appearance  of  small 
and  very  delicate  hairs  and  spicules  upon  the  main  process  and 
its  branches.  Some  observers  have  expressed  a  doubt  whether 
these  minute  appendages  are  natural  outgrowths  or  artefacts; 
but  whatever  opinion  be  held  regarding  them  in  adult  man, 
we  do  not  hesitate  to  pronounce  them  to  be  realities  in  the 
embryonic  condition,  and  for  the  following  reasons.  They  are 
not  visible  when  the  ependyma-cell  is  first  seen :  they  appear 
first  in  the  ventral,  then  in  the  lateral  regions  of  the  cord,  and  last 
of  all  in  the  posterior  segments ;  they  gradually  increase  in  size 
in  the  same  order  in  which  they  appeared,  though  they  never 
in  the  dorsal  regions  attain  to  the  same  degree  of  development 
as  in  the  ventral  segments.  Further,  they  vary  in  delicacy,  in 
length,  and  in  density  of  setting,  according  to  the  species  of 
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animal  examined.  And  lastly,  as  Eamon  j  Cajal  had  already 
observed,  the  fibre  may  retain  or  lose  these  appendages  in  its 
passage  through  different  nervous  areas.  This  is  cl^rly  shown 
in  our  preparations  from  the  spinal  cord  of  the  chick  at  the  9tb 
or  10th  day,  in  which  the  hairs  and  spicules  are  lost  as  the 
fibre  traverses  the  white  matter.  In  other  words,  there  appears- 
to  be  a  distinct  relation  between  the  appearance  of  the  medul- 
lary sheath  and  the  atrophy  of  these  appendages.  We  shall 
have  occasion  to  note  the  same  circumstance  in  both  the  foetal 
and  adult  stages  of  other  animals. 

Leptocardii;  Amphwayns  lanceolatus,  —  The  spinal  cord  is 
phylogenetically  the  oldest  portion  of  the  central  nervous  system 
of  vertebrates.  It  is  found  in  its  most  rudimentary  form  in 
Amphioams  (F.  Nansen),  in  which  animal  the  ependyma-cells 
lining  the  central  canal  and  their  processes  are  the  only  repre- 
sentatives of  the  neuroglia.  The  cord  has,  on  transverse  section, . 
somewhat  the  shape  of  a  triangle,  the  base  of  which  is  situated 
ventrally,  while  the  rounded  apex  constitutes  the  posterior  ex- 
tremity, into  the  very  tip  of  which  the  central  canal  is  pro- 
longed. The  canal  does  not,  however,  come  so  near  the  ventral 
surface,  being  separated  from  it  by  a  huge  unpaired  nerve-fibre 
and  a  number  of  smaller  ones.  Corresponding  to  this  develop- 
ment of  the  ventral  half  of  the  cord,  the  majority  of  the  pro- 
cesses from  the  ependyma-cells  have  bifrucated  in  accordance 
with  the  principle  mentioned  above.  Nansen's  paper  was, 
unfortunately,  not  accessible ;  and  in  such  references  to  it  which 
we  were  enabled  to  gather,  no  mention  is  made  of  the  outline 
of  the  fibres :  our  own  results,  with  the  only  two  specimens  of 
the  animal  obtained  by  us,  are  too  imperfect  to  allow  us  to  draw 
any  conclusions. 

Cyclostomata  ;  Petroviyzon  fiuvicUilis,  —  We  were  not  for- 
tunate in  our  preparations  from  the  cord  of  Petromyzon  and  its 
larval  form,  Ammoeostes,  The  loss,  however,  is  not  serious,  for 
our  knowledge  of  the  neuroglia  of  the  Cyclostomata  is  a  very 
complete  one,  thanks  to  the  labours  of  Nansen,  Betzius  and  von 
Lenhossek.  According  to  these  observers,  the  ependyma-cells 
are  scanty,  each  with  a  long,  thin,  smooth  process  going  to  the 
periphery,  and  often  bifurcating  near  the  edge  of  the  grey  matter. 
The  rest  of  the  supporting  tissue  is  formed  in  Myxine,  by  true 
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astrocytes  or  spider-cells,  which  are  almost  confined  to  the  grey 
matter,  and  send  most  of  their  numerous  processes,  generally 
l3ranched,  to  the  very  surface  of  the  cord.  The  individual  ele- 
ments send  their  processes  either  to  the  dorsal  or  to  the  ventral 
.aspect,  rarely  to  both.  In  the  case  of  Petromyzon  the  same 
<3onditions  are  found,  with  this  slight  difference,  that,  as  a  role, 
the  astrocytes  each  distribute  their  branches  to  both  ventral 
and  dorsal  surface.  We  would  also  point  out  that  the  branches 
of  the  more  medially  placed  spider-cells  cross  the  middle  line 
in  front  and  behind  the  central  canal,  and  that  we  have  here 
the  first  indication  of  that  ring  of  neuroglia  which  is  such  a 
prominent  feature  around  the  central  canal  in  man. 

ELASMOBRANCHn. — The  only  author  who  appears  to  have 
studied  the  neuroglia  in  these  fishes  before  us  is  v.  Lenhossek. 
His  material  consisted  of  Baja^  Scyllium  and  Acanthias.  In 
Jlaja  he  found  the  ependyma-cells  few  in  number,  and  possessing 
a  delicate  unbranched  process,  which  passed  to  the  periphery  of 
the  cord.  The  neuroglia-cells  were  in  the  form  of  astroblasts, 
with  a  solitary,  strong,  fluffy  peripheral  process  reaching  to  the 
pia  mater.  In  Aca^itJiias  vulgaris  and  in  Scyllium,  however,  he 
succeeded  in  impregnating  true  astrocytes  similar  to  those  exist- 
ing in  Petromyzon,  but  not  reaching  quite  to  the  surface  of  the 
<;ord, — appearing,  instead,  to  end  just  beneath  a  sub-pial  layer  of 
ramifying  dendritic  nerve-cell  processes.  He  failed  to  impreg- 
nate the  ependyma. 

Our  own  investigations  dealt  with  embryos  of  Paja,  10  to  11 
<;m.  in  length,  and  with  those  of  Acanthias  vtUgaris,  measuring 
13  to  14  cm.,  which  were  kindly  supplied  by  the  Marine  Biolo- 
gical Station  at  Plymouth.  The  pieces  were  left  in  Golgi's  solu- 
tion of  osmic  acid  and  potassium  bichromate  for  from  sixty-four 
to  ninety-four  hours,  at  a  temperature  of  the  room,  and  were 
subsequently  immersed  for  a  period  of  forty-eight  hours  in  a 
weaker  mixture  of  the  same,  as  recommended  by  Cajal,  viz.,  20 
parts  of  a  3*5  per  cent,  solution  of  potassium  bichromate,  and  2 
to  3  parts  of  a  1  per  cent,  solution  of  osmic  acid.  The  best 
results  were  obtained  when  the  pieces  had  been  left  in  the  first 
mixture  for  ninety-four  hours. 

1.  Paja  enibiyo,  10  to  11  cm.  in  length. — In  this  animal  the 
neuroglia  is  in  a  comparatively  primitive  state,  consisting,  as  it 
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•does,  solely  of  ependyma-cells  and  astroblasts,  as  v.  Lenhossek 
has  pointed  out.  The  former  have  a  small  cell-body  and  a  long 
^elegant  process  passing  up  to  the  pia  mater,  where  it  ends  in  a 
•small  knob.  This  fibre  is  frequently  branched — contrary  to 
Lenhossek's  statement — especially  in  the  ventral  part  of  the 
cord,  where  the  division  occurs  well  within  the  grey  matter. 
The  more  dorsally  distributed  processes  may  also  branch,  but 
the  bifurcation  usually  takes  place  just  at  the  edge  of  the  grey 
substance. 

These  fibrous  prolongations  of  the  ependyma  are  finely  set 
with  shorter  or  longer  hairs,  the  latter  often  dividing  like  the 
processes  themselves;  and  as  no  sharp  distinction  can  be 
drawn  between  these  two  kinds  of  hairs,  we  may  well  agree 
with  Kolliker,  and  look  upon  these  hair-like  appendages  as  the 
equivalents  of  processes.  This  hirsute  character  is,  however,  not 
41  universal  one :  it  is  absent  where  the  white  matter  is  tra- 
versed, and  it  is  wanting  in  those  processes  which  form  the 
ventral  and  dorsal  median  septa  (except  in  the  immediate 
vicinity  of  the  cell-body  in  the  case  of  the  latter).  A  short 
branch,  passing  directly  backwards,  which  may  or  may  not 
-divide,  arises  close  to  the  body  of  one  or  two  lateral  ependyma- 
<3ells.  The  astroblasts  share  the  general  characters  of  the  epen- 
dyma as  regards  the  bifurcation  and  the  hairiness  of  their  pro- 
<3esses:  they  may,  in  addition,  despatch  a  process  of  varying 
length  in  the  direction  of  the  central  canal.  Astroblasts  can 
be  found  throughout  the  grey  substance  up  to  its  junction  with 
the  white  matter,  but  are  most  numerous  in  the  interior.  We 
-were  unable  to  discover  any  within  the  white  columns. 

Some  of  the  astroblasts  call  for  special  notice.  Those  that 
lie  at  the  outer  edge  of  the  grey  matter  may  change  their 
originally  radical  direction  for  one  approximately  parallel  to 
that  edge,  and  may  send  two  processes  to  the  pia  mater,  one 
from  each  pole.  Very  pronounced  examples  of  such  cells  may 
be  found  in  the  grey  matter  abutting  on  the  posterior  extremity 
of  the  anterior  white  columns,  of  which  cells  one  process  pas0es 
to  the  pia  through  the  anterior  horn,  the  other  by  way  of  the 
ventral  septum  ;  and  it  is  worthy  of  note,  that  while  the  former 
process  is  well  clothed  with  hairs  as  it  traverses  the  horn, 
the    other  process  is  naked  in  its  course  within  the  septum. 
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Secondary  processes,  springing  from  the  body  of  the  cell  itself^ 
are  common  in  astroblasts  near  the  white  columns. 

Another  variety  of  the  astroblast,  to  which  we  wish  to  draw 
attention,  lies  close  to  the  central  canal.  It,  too,  has  abandoned 
its  radial  position,  and  has  adopted  a  more  or  less  sagittal  one,  so- 
that  its  two  processes  pass  forwards  and  backwards  respectively  r 
the  former  either  takes  part  in  the  formation  of  the  ventral 
septum,  or  enters  the  anterior  horn  of  grey  matter,  there  to  end 
apparently ;  the  latter  usually  bifurcates,  and  sends  at  least  onc^ 
of  its  divisions  across  the  middle  line  behind  the  central  canaL 
It  will  thus  be  seen  that  here  again  we  have  an  early  indication 
of  Stilling's  "ring-commissure."  To  summarise:  we  find  in  Eaja 
— L  Ependyma-cells,  delicate,  often  branched,  hirsute,  but  smooth 
in  white  matter,  ii.  Astroblasts  throughout  the  grey  matter, 
and  resembling  the  ependyma.  iii.  Early  indication  of  a  "  ring- 
commissure."    iv.  No  true  astrocytes. 

2.  Acanfhias  vulgaris:  Embryo  13-14  cm.  (see  Plate  XVI., 
figs.  1  and  2). — In  this  animal,  in  the  spinal  cord  of  which  Len- 
hossek  succeeded  in  staining  only  tnie  astrocytes,  we  were  able  ta 
impregnate  all  three  varieties  of  neuroglia  elements — the  epen- 
dyma-cells, the  astroblasts,  and  the  astrocytes,  i.  The  ependyma 
does  not  differ  markedly  from  that  found  in  Raja:  the  maint 
processes  are  well  developed,  pass  to  the  very  periphery  of  the 
cord,  often  branching,  particularly  in  the  antero-lateral  regions,, 
are  finely  hirsute,  and  tend  to  become  smooth  in  the  white 
matter.  Particularly  does  this  appear  to  be  the  case  in  the 
anterior  columns,  while  laterally  the  white  matter  contains- 
many  dendritic  ramifications  of  protoplasmic  nerve-processes,, 
and  is  traversed  not  only  by  smooth  but  also  by  roughened: 
neuroglia  fibres.  As  a  matter  of  fact,  even  the  anterior  tracts- 
are  not  guUe  free  from  the  naked  branches  of  nerve-cells,  and,, 
in  accordance  with  this,  contain  a  few  hirsute  fibre&  The^ 
ependyma  processes  forming  the  ventral  and  dorsal  septa  are 
smooth,  as  in  Kaja,  save  that  one  or  two  in  the  ventral  septum, 
may  be  found  possessed  of  minute  and  scanty  spicules. 

ii  The  astroblasts  show  a  distinct  advance  on  those  found  in 
Baja,  being  placed  not  only  in  the  grey,  but  also  in  the  white- 
matter,  where  they  are  more  numerous  in  the  anterior  than  in 
the  lateral  tracts,  and  more  numerous  in  the  lateral  tracts  thai^ 
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near  the  poeterior  horn.  Golgi's  method  is,  of  course,  unreliable 
in  questions  of  quantitative  distribution,  but  sections  treated 
with  any  nuclear  stain  clearlj  demonstrate  the  «ibove  con* 
ditions.  Astroblasts  which  have  changed  their  radial  position 
to  one  more  or  less  tangential  to  the  outer  edge  of  the  grey 
matter  are  also  seen,  likewise  cells  which  send  out  secondary 
processes.  As  in  Saja,  so  here,  one  or  two  astroblasts  have 
assumed,  close  to  the  central  canal,  an  antero-posterior  direction, 
some  pushing  their  processes  across  the  middle  line  behind  the 
canal.  But  this  primitive  "ring-commissure"  is  strengthened 
by  branches  from  the  third  class  of  neuroglia-elements — the 

•a 

astrocytes  proper. 

iii.  These  cells  appear  to  have  a  large  body,  from  which  a 
varying  number  of  fibres,  five  to  ten,  often  branched,  arise.  The 
majority  of  these  processes  are  smooth,  but  examples  are  not 
rare  upon  which  fine  hairy  appendages  are  more  or  less  richly 
distributed:  frequently  only  one  of  the  branches  is  thus  dis-* 
tiuguished.  The  fibres  are  often  of  great  length,  reaching,  it  may 
be,  from  One  anterior  horn  to  the  other,  or  from  an  anterior  horn 
far  into  the  posterior  grey  substance.  We  were  able  to  follow 
some  of  these  fibres  up  to  the  pia  mater,  but  the  greater  num-t 
ber  of  them  appear  to  end  short  of  the  periphery,  as  Lenhossek 
described  them.  The  astrocytes  are  practically  confined  to  the 
inner  r^ions  of  the  grey  matter,  only  some  few  stray  specimen&r 
being  visible  in  the  horns  proper.  One  such  cell  we  found  in  an' 
anterior  tract  of  wbite  matter ;  another,  seemii^ly  in  the  white 
matter  just  dorsal  to  the  postero-extemal  tip  of  the  anterior 
horn ;  but  as  it  is  very  difficult,  if  not  impossible,  to  define  the^ 
limits  of  the  grey  matter,  the  latter  cell  may  well  have  been' 
within  it.  Astrocytes  from  nearly  all  parts  of  the  grey  matter 
send  branches  across  the  middle  line  in  front  and  behind  the 
canal,  thus  forming,  together  with  branches  of  astroblasts,  as 
above  mentioned,  a  perfect  felt-work  around  the  central  canal. 
Of  special  interest  are  cells  which  appear  to  represent  transi-' 
tion-forms  from  the  astroblast  to  the  astrocyte.  We  have* 
figured  such  a  cell  in  the  posterior  grey  matter :  it  sends  a  large^ 
stra^ht,  smooth,  bifurcated  process  to  the  periphery,  whil6  a* 
number  of  long  delicate  branches  radiate  through  the  -grey 
matter  in  all  diteetions.    Another  cell  of  very  mixed  character 
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is  represented  at  the  junction  of  the  left  anterior  horn  with  the 
posterior  grey  matter.  A  third  cell,  with  all  the  features  of  the 
astrocyte,  was  found  sending  a  process  up  to  the  ^'membrana 
limitans  interna  **  of  the  central  canal.  In  conclusion,  we  must 
remark  that  astrocytes  sometimes  present  a  peculiar  appear- 
ance, as  though  their  fibres  did  not  really  spring  from  the  cell 
body,  but  were  merely  placed  in  apposition  to  it  We  were, 
however,  unable  to  satisfy  ourselves  that  this  was  really  the 
case :  were  it  so,  then  it  would  furnish  a  parallel  instance  to 
what  Andriezen  has  noted  in  man« 

To  sum  up,  the  spinal  cord  of  AearUhias  wdgaris  possesses — 
L  Ependyma-cells,  as  in  i2a/a.  ii.  Astroblasts,  in  white  as  well 
as  in  grey  matter.  iiL  True  astrocytes,  and  also  transitional 
forms,  iv.  A  **  ring-commissure,"  formed  by  branches  of  astro- 
blasts  and  astrocytes. 

The  cerebral  cortex,  both  of  Jiaja  and  Acanthias^  appears  to 
contain  only  ependyma-elements,  possessing  all  the  characteis  of 
those  found  in  the  spinal  cord. 

Telbostei  ;  Gadics  luscus,  etc.  (see  Plate  XY L,  figs.  3  and  4). 
•— Hetzius  appears  to  be  the  only  one  who  has,  up  to  the  present, 
published  any  results  from  observations  on  the  fully  formed 
neuroglia  in  these  fishes.  But  even  his  researches  appear  to  have 
been  confined  to  young  animals.  He  only  succeeded  in  finding 
ependyma-cells  and  astroblasts,  very  rough  and  furred.  The 
genus  Gradus  furnished  us  with  the  necessary  materiaL  The 
neuroglia  in  these  animals  is  a  complex  tissue,  presenting  cells 
of  several  types  and  many  transition  forms,  so  that  a  better  idea 
can  perhaps  be  obtained  from  the  plates  than  from  any  verbal 
description  that  we  can  give.  Spinning  with  the  ependyma : — 
i  We  find  the  cell  bodies  small,  and  the  fibres  fairly  strong  and 
hirsute,  but  appeurently  somewhat  atrophic,  and  not  reaching  to 
the  periphery  save  in  the  ventral  septum.  Whether  the 
ependyma  fibres  uf  the  posterior  septum  also  reach  the  pia  we 
were  not  able  to  determine :  certain  it  la  that  branches  from 
astroblaata  and  astrocyte-like  cells  within  the  posterior  grey* 
matter  contribute  largely  to  it.  The  ependyma  fibres  of  the 
two  septa  are  hirsute  for  only  a  short  distance  from  the  cell- 
body. 
.  ii.  Astroblasts  abound  in  both  grey  horns.    They  possess  a 
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hairy  main  process  which  is  sometimes  bifid,  which  probably 
in  all  instances  reaches  to  the  pia,  and  which  loses  its  roughs 
nesses  as  it  traverses  the  white  columns.  They  also  exhibit 
secondary  oifslioots  from  the  cell-body,  which  offshoots  may  be 
short  and  stubby,  or  of  some  length,  especially  in  the  case  of  the 
more  externally- situated  elements^  and  may  be  partially  hirsute 
or  perfectly  smooth.  These  same  secondary  branches  occasionally 
encircle  blood-vessels.  A  few  astroblasts  are  also  found  in  the 
white  matter,  particularly  in  the  lateral  columns,  where  they 
^nd  to  lie  in  bundles  and  thus  form  trabeculse.  At  the  edges 
of  the  anterior  horns  they  betray  more  of  the  characters  of  the 
jastrocytes  and  show  some  rotation,  assuming  a  more  tangential 
direction.  In  the  more  dorsal  parts  of  the  posterioi:  horn  many 
of  the  astroblasts  which  lie  nearest  the  septum  display  a  degree 
of  ramification  of  the  principal  proQcss  as  in  no  other  locality 
within  the  cord  ;  but  it  must  not  be  forgotten  that  these  are  in 
all  probabUity  not  astroblasts  in  the  strictest  sense  of  the  term— 
i.e.y  ependyma-cells  pushed  ou};wards  by  multiplication — ^but 
original  ependyma-cells  displaced  by  the  fusion  of  the  walls  of 
the  central  canal  behind ;  their  processes  do  not  appear  to  reach 
the  periphery. 

iii.  The  third  type  of  neuroglia-elements — the  astrocyte — is 
present  in  both  the  varieties  mentioned  in  the  introduction — 
viz.,  the  smooth,  long-armed,  wiry-looking  "fibre- cell,"  and  the 
furred,  short-armed  species.  The  former  variety  predominates. 
The  "  fibre-cell "  may  be  found  sparsely  scattered  in  the  white 
matter:  its  cliief  site,  however,  is  the  grey  matter,  especially 
the  region  of  the  central  canal  and  the  anterior  horns;  to  a 
lesser  degree,  the  sides  of  the  posterior  septum,  which  septum 
they  assist  in  forming.  The  cell-body  is  sometimes  triangular, 
often  flat  and  disc-like,  and  appearing  to  lie  in  apposition  to 
the  fibres.  These  fibres,  or  branches,  do  not  radiate  in  all 
directions,  but  in  .somewhat  of  a  bipolar  fashion,  dividing  as 
they  go.  This  variety  of  astrocyte  is  the  principal  factor  in 
the  formation. of  the  ring-commissure,  though  the  secondary 
branches  of  astroblasts  also  take  part  in  it.  Of  most  of  the 
glia-elements  within  the  white  substance,  it  is  difiScult  to 
determine  whether  they  should  be  called  "astrocytes'*  or 
**  astroblasts,"  and  are,  perhaps,  best  considered  „as  transition 
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farms.  "Fibre-cells*  here  and  tiiere  came  in  eontact  witti 
▼easels :  tbeae  tb^  aometimes  portiaPy  encircle,  aometimea  tfaej 
paaa  along  tfaem,  atrei^hening  their  adventitia.  Tbe  fifan- 
cells  and  tranaitiGn  forma  found  in  tbe  white  matter  aometiniefl 
join  to  help  in  the  formation  of  the  trabeealse  above  mentioned, 
the  fibree  of  whieh  maj  oocaaionally  be  aeen  paaaing  for  aome 
distance  joat  beneath  the  pia  along  tbe  aorlaoe  of  the  cord. 

The  second,  short-armed  variety  of  aatrocTte  we  foand  in  the 
grej  matter  only,  and  there  confined  to  the  body  of  the  anterior 
horns  and  to  the  dorsal  half  of  the  posterior  maas  <rf  g]%y  matter. 
In  the  latter  locality  they  appeared  rougher  than  in  the  anterior 
honis,and  perhaps  a  little  more  branched.  Nowherecooldwedetect 
any  relation  to  blood-vessels,  but  we  wonld  not  like  to  deny  the 
existence  of  such  a  relation,  as  our  prepm^tions  were  not  very 
satisfactory  iu  this  respect.  Once  or  twice  we  noticed  elements 
which  might  be  looked  upon  as  transition  forms  trota  the 
astroblast  to  this  species  of  astrocyte :  two  such  cells  have  been 
figured  in  the  left  anterior  bom. 

Summarising,  therefore,  we  may  say,  that  in  the  teleoetean 
cord  the  three  species  of  glia-elements  are  found :  L  the  open- 
dyma-cells,  atrophic;  iL  the  astroblasts;  and  iiL  two  types  of 
astrocytes  (not  one  type,  as  in  Acauthias).  Transition  forms 
between  ii.  and  iii.  occur ;  and  the  ^  ring-commissure  *  is  more 
fully  developed.  Some  astrocytes  enter  into  relation  with 
blood-vessels. 

'    Sections  from  the  optic  lobes  and  from  the  cerebral  hemi- 
spheres unfortunately  disappointed  us. 

Amphibians. 

r  % 

a 

Ecaudata;  The  Frog  {Sana  temporaria), — ^The  neuroglia  of 
the  spinal  cord  of  the  frog  has  been  studied  by  several  observers, 
especially  by  Lavdowsky  and  CI.  Sala  y  Pons.  Quotations  from 
and  abstracts  of  the  work  of  these  men  were  alone  available; 
but  what  we  have  been  able  to  gather  in  this  way  has,  on  the 
whole,  served  us  well.  Both  men  agree  iu  describing  the 
neuroglia  as  being  remarkably  primitive,  even  iu  the  full-grown 
animal ;  but  while  Sala  y  Pons  could  only  find  ependyma-cells 
ttnd  their  direct  derivatives,  the  astroblfitsts,  Lavdowsky  described 
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a^d  0gured  delicate  glial  elementa  in  the  white  matter,  with  all 
the  characteristics  of  true  astrocytes.  Both  Lenhossek  and 
KoUiker  were  unable  to  verify  this  statement,  and  Lavdowsky 
80  far  stands  alone.  Lenhossek  and  KoUiker  are,  however,  not 
inclined  to  dispute  the  correctness  of  Lavdowsky's  observationSi 
as  they  have  seen  *' undoubted  glial  nuclei"  among  the  white 
columns,  with  the  help  of  other  methods.  We,  too,  have  met 
with  no  better  success,  and  rather  incline  to  the  belief,  after 
very  careful  examination,  that  the  nuclei  which  can  be  seeii 
with  stains,  such  as  h^ematoxylin  or  van  Giesen's,  are  not  neuro^ 
glial  in  nature,  but  leucocytes;  they  have  all  the  characters  o£ 
the  white  cells,  as  seen  in  the  blood-vessels,  and  are,  moreover, 
^o  f oimd  in  the  optic  lobes  and  in  the  cerebrum,  where  astrocytes 
are  knoiyn  not  to  occur,  as  will  be  shown  later.  It  would  be 
anomalous,  according  to  our  experience,  to  find  true  smooth- 
fibred  spider-cells  in  the  white  matter,  and  a  very  piimitive 
form  of  the  astroblast  in  the  grey ;  for  we  have  hitherto  found 
that  in  the  lower  vertebrates,  astrocytes  appear  first  in  the  grey, 
Qiatter,  \vith  a  special  predilection  for  the  region  round  the 
central  canal.  What  Lavdowsky  may  have  mistaken  for  spider- 
cells  we  cannot  conjecture,  but  it  certainly  is  strange  that  three 
men,  Sala  y  Pons,  Lenhossek,  and  Kolliker,  so  well  practised  in 
Grolgi's  method,  should  have  failed  to  stain  a  structure  which,  in 
other  animals  than  the  frog,  is  not  one  of  the  most  difficult  to 
impregnate.  Be  that  as  it  may,  the  neuroglial  elements  which 
aU  investigators  have  succeeded  in  demonstrating,  present  some- 
what primitive  shapes.  They  consist  solely  of  ependyma-cells 
and  astroblasts.  Both  kinds  of  cells  possess  a  strong,  stiff,  and 
very  hairy  principal  process,  passing  to  the  (pia  mater,  but  the 
ependyma  fibres,  forming  the  posterior  system,  are  smooth. 
Branching  appears  to  be  the  rule,  with  few  exceptions;  the 
division  occurring  well  within  the  grey  matter.  Within  the 
white  matter  the  neuroglia  fibres  become  smooth,  and,  as  they 
approach  the  pia,  swell  into  a  conical  extremity,  thus  giving  the 
impression,  on  hurried  examination,  that  they  have  sprung  from 
cells  just  beneath  the  pia,  if  the  section  should  happen  to  have 
severed  the  connection  with  their  cell  The  nakedness  of  the 
fibre  is  best  marked  anteriorly ;  for  in  the  lateral  columns,  which 
contain  a  large  number  of  dendritic  nerve-cell  proceeees,  a 
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moderate  hirsute  appearance  is  still  noticeable  on  many.    Verjr 
short  secondary  processes  are  given  off  by  the  bodies  of  the 
astroblasts,  while  here  and  there  a  short  lateral  offshoot  arises 
from  the  main  fibie.    Astroblaste  are  found  in  every  part  of  the 
grey  matter :  where  it  joins  the  white  substance,  the  elements 
tend  to  turn  on  their  axes,  so  as  to  give  their  main  processes  at 
first  somewhat  of  a  sagittal  direction.    Such  boundary-cells  often 
possess,  not  one,  but  two,  or  sometimes  three  processes,  of  rela< 
tively  equal  importance,  each  of  which  may  bifurcate ;  at  other 
times  there  is  a  principal  process,  which,  after  a  very  short 
course,  breaks  up,  candelabra-like,  into  three  or  four  divisions 
The  astroblasts  in  the  posterior  horn  have  more  tortuous  pro- 
cesses than  the  rest,  reminding  of  the  S-ehaped  fibres  found  in' 
the  same  situation  in  the  embryos  of  higher  vertebrates.    There 
is  no  trace  of  a  '*  ring-commissure " ;   the    only  crossing  of 
neuroglia  fibres,  and  a  very  scanty  one,  occurs  in  front  of  the 
canal,  and  is  composed  of  one  or  two  secondary  processes  from 
adjacent  astroblasts,  aided  in  the  rare  event  of  a  neighbouring 
ependyma  fibre  passing  into  the  opposite  hemisphere.    A  few 
ependyma  fibres  appear  atrophic  (?). 

The  neuroglia  of  the  optic  lobes  and  of  the  cerebrum  is  soon 
described.  In  the  c^tic  lobes  it  is  represented  by  ependyma- 
cells  only.  Each  cell  sends  a  long,  perhaps  wavy,  delicate,  and 
generally  slightly  branched  process  to  the  periphery.  This  process 
also  gives  off  a  number  of  small,  lateral  twigs,  and  is  richly  set 
with  hairs.  It  has  seemed  to  us  as  though  the  branching  of  these 
fibres  was  most  pronounced  in  the  lateral  regions  of  the  lobe& 
Not  all  the  ependyma-ceUs  directly  line  the  (^tic  ventricle] 
some  are  pushed  a  little  distance  outwards,  but  still  remain  in 
contact  with  the  ventricular  wall  by  means  of  a  short  thick 
process  which  passes  up  to  the  lumen.  In  the  cerebral  cortex 
the  condition  is  practically  identical,  save  that  all  the  ependyma- 
cells  directly  line  the  lumen  of  the  ventricles,  that  the  main 
processes  are  a  trifle  more  wavy,  and  that  branching  occurs 
much  nearer  the  cell-body  than  in  the  optic  lobes. 

Summary. — i.  Ependyma  fibres  thick,  branched,  hairy ;  some- 
times apparently  atrophic.  iL  Astroblasts  with  all  tiie  cbar^ 
acters  of  ependyma-cells.  iii.  No  ring-commissure.  In  the 
optic  lobes  and  the  cerebral  cortex,  there  is  only  ependyma. 
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Birds. 

The  Pigeon ;  Oduniba  (see  Plate  XVL,  figs.  5  and  6).— Carefully 
and  minutely  as  the  neuroglia  has  been  studied  in  the  embryo 
chick,  it  has  been  as  strangely  neglected  in  the  case  of  the  adult 
bird.  Kolliker  confines  himself  to  the  statement  that  the  cere^ 
brum  of  birds  contains  not  only  ependyma,  but  also  (sotnewhat 
vaguely)  ^  true  glia-cells/'  and  omits  all  reference  to  the  spinal 
cord.  We^rt,  giving  Sala  y  Pons  as  his  authority,  says  that 
the  spinal  cord  contains  spider-cells,  and  the  cerebral  cortex  only 
transition  forms.  Lenhossek,  though  apparently  acquainted 
with  the  work  of  Sala  y  Pons,  which  appeared  a  year  before  his 
own,  betrays  no  knowledge  of  these  facts,  and  roundly  states  that 
investigations  on  the  adult  avian  neuroglia  are  still  a  desideratum. 
He  subsequently  says  that  in  the  embryo  chick  at  the  15th 
day  he  succeeded  in  impregnating  what  he  believed  to  be  true 
astrocytes,  but  hastens  to  add  that  his  preparations  are  not 
altogether  convincing.  Sala  y  Pons'  monograph  itself  was  un« 
fortunately  beyond  our  reach. 

Our  own  investigations  were  made  upon  the  nervous  system 
of  Columba.  The  mode  of  treatment  was  similar  to  that  adopted 
in  the  previous  cases,  the  pieces  remaining  from  four  to  six  days 
in  Golgi's  solution,  a  sojourn  of  six  days  giving  perhaps  the  best 
results.  We  further  found  it  advisable  to  clear  the  sections 
completely  before  deciding  upon  their  rejection  or  preservation^ 
instead  of  examining  them  as  soon  as  cut,  which  is  the  usual 
practice :  this  was  found  to  be  of  special  utility  in  the  case  of 
the  spinal  cord,  where,  unless  the  above  precaution  has  been 
taken,  the  delicate  neuroglia-elements  are  very  difiBcult  to 
discern  between  the  darkly-stained  medullated  fibres  of  the  white 
matter.  Many  sections  which  would,  under  ordinary  circum- 
stances, have  been  rejected  as  valueless,  were  thus  found  emi« 
nently  useful. 

'  In  the  spdnal  cord  we  found  two  distinct  classes  of  neuroglia- 
element  present — ependyma-cells  and  true  astrocytes,  together 
with  a  sub-variety  advanced  beyond  the  ordinary  type  of  astro^ 
blast,  yet  below  that  of  the  true  spider-cell. 

L  Ependy ma-cells  were  found  impregnated  at  every  point  of 
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the  circumference  of  the  central  canal,  but  their  proceaaes  could 
not  be  followed  to  any  distance,  appearing  as  smooth,  evidently 
atrophied,  fibres.  These  fibres  were  best  preserved  in  the  two 
septa,  ventral  and  dorsal :  in  the  former  they  reached  the  floor 
of  the  anterior  median  fissure  in  a  few  instances;  posteriorly 
they  could  be  followed  a  considerable  way  to  the  periphery,  but 
whether  they  actually  reached  it  could  not  be  determined.  The 
question  whether  the  posterior  septum  contains  ependymal  fibres 
in  its  whole  extent,  or  whether  its  most  peripheral  portion  is 
solely  oompoeed  of  branches  from  adjacent  glial  elements,  is  tiius 
left  open. 

ii.  Astrocytes  or  spider-cells  are  to  be  found  both  in  the  grey 
and  in  the  white  matter,  and  present  two  well-pronounced  types 
«— a  long-armed,  and  a  short-armed  variety.  The  cells  of  the  first 
type  have  a  small  stellate  or  triangular  or  sometimes  disc-like 
body,  from  which  a  varying  number  of  branches  (seven  to  twelve, 
or  more)  radiate.  These  ofishoots  are  long,  delicate,  smooth, 
peculiarly  stiff  in  appearance,  and  frequently  branched ;  they  may 
arise  from  every  part  of  the  cell  equally,  or  they  may  be  re* 
stricted  to  the  two  poles,  or  they  may  leave  one  side  of  the  cell 
bare.  These  astrocytes  are  most  distinctly  stellate  in  the  centre 
of  the  anterior  horns,  and  in  the  middle  of  the  anterior  uul 
lateral  tracts  of  white  matter.  Within  the  grey  substances  they 
are  found  in  greatest  profusion  in  the  neighbourhood  of  the 
central  caoaL  The  cells  nearest  the  ependyma  aro  placed  more 
or  less  sagittally,  and  have  somewhat  of  a  bipolar  character, 
their  fibres  passing  forward  and  backwards,  and  diverging  in  a 
brush-like  fashion,  so  that  many  cross  the  middle  line  in  front  and 
behind  the  canaL  The  farther  the  cells  are  from  the  canal  the 
more  stellate  or  spider-like  do  they  become;  still,  however, 
sending  branches  to  assist  in  forming  the  '*  ring-commissure." 
It  will  be  noticed  that  this  structure  is  here  found  to  consist, 
for  the  first  time,  of  fully  developed  astrocytes  only.  Uie 
spider-cells  in  the  anterior  and  lateral  colimms  of  white  matter 
require  little  description*  As  we  stated,  their  stellate  character 
is  best  preserved  in  the  centre  of  these  columns :  the  more  they 
approach  either  the  grey  matter  or  the  pia  mater,  the  more  do 
they  vary  their  shape.  Thus,  near  the  anterior  horns  they 
frequently  send  a  couple  of  processes  longer  than  the  rest  into 
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its  sabstance,  where  they  maj  form  attachments  to  vessels; 
As  the  cells  approach  the  pia,  on  the  other  hand,  their  processed 
to  the  periphery  naturally  shorten,  often  appear  a  little  thicker 
tlian  the  rest,  and  allow  the  branches  to  the  interior  to  pre** 
dominate.  This  shortening  of  the  peripheral  fibres  is  in  some 
eases  more  apparent  than  real,  in  which  they  spread  out  beneath' 
the  pia,  passing  in  opposite  directions  along  the  surface  of  th^ 
cord.  Besides  these  smooth,  long-armed  astrocjrtes,  a  second 
type  is  met  with,  practically  confined  to  the  grey  matter  beyon<l 
the  "  ring-cotnmissure/'  These  ceUs  have  all  the  characteristica 
of  the  short-armed  variety  described  at  the  beginning  of  this, 
paper  t  they  possess  a  very  small  body,  giving  off  an  immense 
number  of  short-branched,  "frosted"  processes.  This  class  ot 
cell  is  perhaps  best  seen  at  the  junction  of  the  anterior  and; 
posterior  horns,  and  in  the  neck  of  the  latter.  Very  frequently 
this  type  of  cell  possesses  in  addition  one,  two,  or  even  three 
processes  considerably  longer  than  the  rest,  slightly  wavy  iq 
their  course,  not  quite  so  richly  set  with  hairs  (sometime  even 
smooth),  and  generally  attached  to  a  blood-vessel.  This  latter 
variety  of  cell  is  so  common  that  a  doubt  whether  in  the  formeif 
the  longer  process  has  not  been  lopped  off  in  cutting  the  seetiqii 
appears  almost  justified.  Transition  forms  between  the  twQ 
extreme  types  of  astrocytes^— the  long-armed,  spider-cells  char- 
acteristic of  the  white  matter,  and  the  rough,  bushy,  short-; 
armed  elements — are  easily  discernible,  especially  where  grey 
matter  and  white  matter  meet. 

Still  another  variety  of  the  glial  elements  requires  description. 
It  is  found  in  the  **  cap  "  of  the  posterior  horn,  in  a  narrow  strip 
of  white  matter  bounding  it  externally,  and  in  an  area  oorre* 
spending  to  Ussauer's  tract  and  the  entrance  of  the  posterior 
nerve-roots.  These  cells  have  all  the  appearances  of  the  old 
astroblasts — ^the  long  peripheral  fibre,  smooth  in  the  white 
matter,  hirsute  in  the  grey,  and  very  rarely  bif urcatii^,  together 
with  the  short  secondary  processes  springing  from  the  cell-body, 
also  set  with  fine  hairs  when  passing,  through  grey  substance. 
These  cells,  too,  contain  transition  forms,  viz.,  in  the  direction  both 
of  the  long-armed  and  of  the  short-armed  class  of  astrocytes  i 
thus,  one  or  two  of  the  secondary  processes  may  attach  them** 
selves  to  vessels,  or  they  may  lengthen,  and,  losing  their  haixr 
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like  appendages,  penetrate  as  smooth  fibres  tor  some  distance 
into  grey  or  white  matter. 

A  word  or  two  co^iceming  the  relation  of  the  glia-elements 
to  yessels,  which  had  already  been  noted  in  the  Teleoeteans. 
Both  long-  and  short-armed  astrocytes  show  this  relation  in^ 
birds.  The  branches  of  the  latter  variety  attach  themselvesr 
immediately  to  the  vessel-wall ;  the  branches  of  the  ^  fibre-cell  '^ 
may  do  likewise,  but  they  may  also  accompany  the  vessel  for 
some  distance,  thus  strengthening  the  adv^ititia.  They  do  not 
appear  to  pass  along  a  vessel  in  the  oblique  direction  of  a  long 
spiral,  as  Andriezen  describes  in  the  case  of  man. 

In  the  cerebral  cortex  the  glial  elements  are  of  a  much  simpler 
description.  The  ependymarcells  are  delicate,  and  their  fibres 
are  still  in  good  condition,  appearing  to  reach  to  the  periphery, 
though  their  roughness  has  somewhat  diminished.  The  other 
elements  of  the  neuroglia  have  not  passed  beyond  the  stage  of 
the  astroblast,  but  can  be  found  in  all  regions  and  layers  of  the 
cortex.  Their  bodies  are  small,  but  their  main  process  strong 
and  iiufiy,  somewhat  tortuous  in  the  outer  strata,  and  sometime^ 
branching.  The  nearer  the  cell  approaches  to  the  pia,  the 
more  do  small  secondary  processes  develop,  till  just  beneath  that 
membrane' an  appearance  is  presented  very  like  that  of  the  short-^ 
armed  astrocyte  in  the  cord,  but  lacking  its  elegance,  due  to  an 
approximation  of  the  length  of  the  main  fibre  to  that  of  the 
secondary  ceU  processes.  The  hirsute  condition  of  the  fibres 
appears  greatest  in  the  outer  layers  of  the  cortex. 
.  In  the  optic  lobes  the  same  conditions  prevail;  save  that  the 
fibres  are  smoother  generally,  and  that  their  roughness  is  perhape 
most  marked  near  the  ependyma,  and  not  near  the  periphery,  as 
in  the  cerebral  cortex.  This  difierence  is  possibly  in  part  due 
to  differences  in  the  arrangement  of  the  medulla  ted  fibres  in 
these  two  regions.  Neither  in  the  cerebral  cortex  nor  in  the 
optic  lobes  did  we  find  any  trace  of  glia-elements  in  a  more 
advanced'  stage  of  development. 

.  Summary, — ^A.  In  the  spinal  cord  we  have  found : — ^L  Atrophic 
ependyma  fibres ;  ii  glia-elements  the  shape  of  astroblasts  in 
the  posterior  horns,  and  at  the  entrance  of  the  posterior  roots; 
with  transition  forms  in  the  direction  of — ^iii.  the  astrocytes. 
These  presented  two  varieties :  (a)  the  long^armed  type  in  white 
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and  grey  matter,  and  forming  a  '' ringK^ommissare " ;  (fi)  the 
shorlrarmed,  bushy  adtrocytes.  iv.  Transition  forms  between 
these  two  kinds  of  astrocytes,  v.  Well-marked  relation  to 
blood-vessels, 

B.  In  the  optic  lobes  and  the  cerebral  cortex  we  have  found — 
i.  ependyma-cells  with  fully-formed  fibres;  ii  astroblasts  in  all 
layers,  but  approaching  in  character  to  the  short-armed  astra> 
cytes  in  the  superficial,  sub-pial  layers. 

Higher  Mammalia.  ^ 

The  structures  of  the  adult  mammalian  neuroglia  need  not 
detain  us  long.  Its  elements  have  been  briefly  described  at  the 
beginning  of  this  paper,  and  all  important  details  can  be  found 
in  any  modern  text-book  of  anatomy.  It  will  suffice  to  state-^ 
L  that  the  ependyma  fibres,  though  present,  are  atrophic,  save, 
perhaps,  in  the  anterior  and  posterior  septa;  ii  astroblasts 
appear  to  be  absent;  iiL  astrocytes  constitute  practically  the 
whole  of  the  neuroglia,  and  are  present  in  the  two  varieties — the 
**  fibre-cells  '*  and  the  short-armed  spider-cells — the  latter  being 
practically  confined  to  the  grey  matter;  iv,  the  fibre-cells,' 
besides  forming  a  dense  ^'  ring-commissure "  around  the  central 
canal  (and  the  ventricles),  invest  the  whole  of  the  central 
nervous  system  (with  very  few  exceptions)  with  a  sub-pial  felt- 
work  of  varying  thickness,  which  felt- work  accompanies  the 
blood-vessels  Into  the  interior  of  the  nervous  organs  in  the 
shape  of  trabeculse;  v.  the  short-armed  variety  of  astrocytes 
may  still  preseQt  in  very  late  embryonic  life  a  long  main  pr(>ces8 
*— which  has  been  seen  to  be  a  permanent  condition  in  birds ; 
vL.  at  the, edge  of  the  grey  matter  of  the  cord  long  fibre-cells 
can  be  seen,  almost  bipolar  in  character,  sending  their  fibres 
along  the  outer  edge  of  the  grey  substances— thus  reminding  us 
of  somewhat  similar  cells  seen  in  Haja,  Acanthias  and  Baha; 
vii  both  types  of  astrocytes  frequently  show  an  intimate  rela- 
tion to  blood-vessels,  either  attaching  themselves  to  them  as 
soon  as  reached,  or  passing  along  them  in  an  oblique  direction ; 
viii.  no  true  connective-tissue  enters  the  nervous  organs  except 
the  little  that  is  imported  by  the  vessels. 

Having  now  come  to  the  end  of  our  results,  obtained  with 
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Golgi's  method,  as  far  as  time  and  material  permitted  us,  it  maj 
be  well  to  dwell  awhile  on  these  results,  and  to  summarise  the 
oonelusions  that  we  have  arrived  at.  To  avoid  prolixity,  we  put 
them  in  the  form  of  propositions,  as  foUows : — 
.  1.  The  neuroglia,  using  ihe  term  in  its  widest  sense,  presents 
itself  in  various  stages  of  its  evolution  in  the  various  classes  and 
orders  of  vertebrates,  from  the  condition  of  a  simple  ependyma 
(as  in  the  cord  of  Amphioxus)  to  that  of  the  astrocyte  (as  in  biidf 
and  mammals),  which  evolution  is  reflected  in  the  embiyos  of 
the  higher  forms  of  vertebrates. 

2.  This  process  is  exemplified  not  only  in  the  difTerent  clasees 
and  orders,  but  also  in  different  parts  of  the  nervous  system  of 
one  and  the  same  species,  i.e.,  phylogenetically. 

3.  These  phylogenetic  differences  are  manifest  not  only  in  the 
iaiger  divisions  of  the  central  nervous  system,  such  as  the  spinal 
cord  and  the  cerebral  hemispheres,  but  also  in  the  more  minute 
topographical  divisions  of  the  various  nerve-centres;  e,ff.,  in  the 
spinal  cord  of  the  pigeon,  elements  of  a  more  primitive  character 
are  to  be  found  in  the  cap  of  the  posterior  horn,  and  at  the 
entrance  of  the  posterior  nerve-roots,  than  elsewhere  in  the 
cord ;  or,  again,  forms  of  a  more  advanced  type  may  be  found  in 
the  grey  matter,  and  especially  in  the  neighbourhood  of  the  cen- 
tral canal,  as  in  Petromyzon,  Myxine  and  Acanthias. 

4.  Transition  forms  between  the  lowest  and  the  highest  types 
of  neuroglial  elements  are  met  with,  temporarily  in  embryos^  or 
permanently  in  the  adult  animal. 

5.  In  whatever  stage  the  neuroglia  may  present  itself,  it 
always  gives  the  impression  of  playing  a  passive  rdle  in  the 
economy  of  the  nervous  system. 

6..  In  other  words,  the  mode  of  its  development  and  evolution 
18  capable  of  a  similar  interpretation. 

7.  From  this  point  of  view,  the  fibre,  with  its  branches,  would 
be  the  more  important  part  of  a  glial  element.  It  would  appear 
that,  as  the  area  "  supplied  "  by  a  fibre  expands,  that  fibre  will 
give  off  branches  to  meet  such  increase  of  area.  A  similar  end 
Is  attained  by  the  multiplication  of  the  cells  themselves,  and  by 
their  passage  outwards  into  the  nervous  tissue,  which  change  in 
position  widens  the  base  of  operation.  The  more  the  extent  of 
this  base-line  approaches  that  of  the  circumferenoe  of  iba  area 
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to.be  ** supplied/'  the  more  easily  can  the  fibres  play  their  part;* 
i^ fortiori,  if  the  cells,  from  which  the  fibres  spring,  have  reached 
the  aifcnmfeiBnce  of  the  area  to  be  supplied^  and  can  send  their 
6bre6  inwards.  Every  cell  which  has  passed  away  from  the 
Antral  canal  has  obtained  this  advantage  over  the  area  of  ner-^ 
tons  structares  between  itself  and  the  canal.  ^ 

*  8.  The  passive  rdle  which  the  neuroglia  may  play  is  eithet^ 
that  of  a  supporting  and  protecting  tissue,  or  that  of  an  insulator, 
or  both,  for  it  is  difScult,  if  not  impossible,  to  decide  upon  onej 
to' the  exclusion  of  the  other.  The  theory  that  it  is  an  insulator 
has  been  strongly  advocated  by  the  brothers  P.  and  S.  Bamon  y^ 
Cajal  and  by  Sala  y  Pons ;  they  based  it  upon  the  apparently 
richer  development  of  the  neuroglia  in  the  white  matter  than  in 
the  grey,  as  shown  by  Golgi's  method.  Weigert,  however,  has 
demonstrated  that  this  method  is  by  no  means  a  safe  guide  in  a 
question  of  quantitative  distribution,  and  has  shown  that  the 
grey  matter  is,  in  fact,  the  richer  of  the  two.  This  correction  as 
to  fact  would  not,  however,  appear  to  us  to  affect  the  theory^ 
What  necessity,  we  ask,  is  there  for  such  an  insulator  in  the 
white  substance  when  the  medullary  shieath  in  all  probability 
already  serves  that  purpose  ?  But  in  the  grey  matter  things  are' 
different :,  here  axis-cylinder  processes  and  th^ir  collaterals  break, 
up  into  an  immense  number  of  naked  terminal  ramifications;^ 
wMch ' interlace  with  each. other  and  around  the « nerve-cells. 
Here  an  insulator  is  obviously  needed,  and  the  neuroglia  may^ 
well  serve  this  end. 

9.  As  a  further  argument  in  favour  of  Bala's  theory,  the* 
following  may  be  put  forward.  The  smoothness  of  a  neuroglia* 
fibre  appears  to  stand  in  some  relati9n  to  the  presence  of 
inediUIated  nerve-fibres  in  the  regions  traversed  by  that  fibre, 
e.g.,  the  antero-lateral  columns.  But  if  naked  axis-cylinders  or 
protopli^mic  processes  of  nerV^-cells' become  mingled  with  the 
medullated  fibres,  then  rough  and  smooth  glia-fibres  may  coexist 
in  that  region.  Hence  we  may  suppose  that  neuroglia-fibres  at 
one  stage  of  their  life-history  fulfil  a  function  that  is  afterwards 
undertaken  by  the  medullary  sheaths,  and  that  on  the  develop- 
ment of  the  latter  they  are  relegated  to  the  inferior,  but  still 
important,  office  of  a  supporting  tissue. 

10.  Segarding  the  ''ring-commissure,"  the  substantia  gelatinosa 
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eentralis  and  its  homologues  around  the  ventricles,  eta,  occupy 
the  region  which  formed  the  first  bed  of  the  neuroblasts  and 
early  nerve-cells.  This  bed  was  vacated  in  the  coarse  of  de- 
velopment, but  the  supporting  tissue  remained,  and  the  vacated 
site  became  filled  with  neuroglia.  The  substantia  gelatinoea 
centralis  may  hence,  we  think,  be  looked  upon  as  a  natural 
cicatrix,  if  suxih  a  term  be  admissible.  The  extent  of  develop- 
ment of  this  ring-commissure  is  an  index  of  the  age  (phylo* 
genetically  considered)  of  the  organ* 

•  The  mode  of  formation  of  the  sub-pial  felt-work,  and  the 
question  as  to  the  spontaneous  movement  of  glia-cells,  have 
found  brief  consideration  elsewhere*^ 


EXPLANATION  OF  PLATES  XVI.,  XVIL 

» 

Fig.  I. — Spinal  cord  of  Acanihias  vulgarii  (embryo),  showing  epen- 
dymarcells  and  astroblaste,  and  a  few  transition  forms,  a «  anterior, 
&«=  posterior  septum. 

•  "Fig,  2. — Spinal    cord  of   AeanihioB   wlgaru  (embiyo),'  showing 
astrocytes.    Letters  as  before. 

Fig.  3. — Sphial  cord  of  Gadua  morrhua  and  G.  luseus  (adult), 
showing  ependyma,  astroblaste,  and  astrocytes.  Letters  as  before. 
^»  Mauthner's  fibre. 

Fig.  4. — Spinal  cord  of  Oadus  morrkua  and  G.  luscus  {afifolt), 
showing  the  region  of  the  central  canal  and  ring-commisBure.  Edge 
of  grey  matter  in  tins,  as  in  all  other  sections,  red.    Letters  as  before. 

Fig.  5. — Spinal  cord  of  pigeon  (adalt).  a «  anterior  median  fissure; 
&  a  posterior  septum. 

Fig.  6; — Spinal  cord  of  ptgeoui  showing  region  round  central  canaL 
Letters  as  before. 

All  the  dra^ngs  have  been  constructed,  by  synthesis.  For  a  fuller 
description  of  the  plates,  see  text. 

* 

1  Brain,  1897.    Winter  number—' '  Studies  on  the  Nenroc^— 11." 
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ON   THE   OEGAK    OF  JACOBSON    IN   T»E   HYEAX, 
By  B.  Bboou,  M.D.,  B.Sc.,  Namaqualand.    (Platk  XVIII.) 

Fbom  my  researches  among  marsupials  and  other  mammals,  I 
have  been  deeply  impressed  with  the  importance  of  the  structure 
and  relations  of  Jacobsou's  organ  as  a  factor  in  classification,  and 
gne  which,  from  its  constancy  even  under  the  most  varied  condi* 
tions  of  life,  is  probably  one  of  the  most  valuable  in  determining 
the  affinities  of  any  obscure  animal  or  group.  Having  already 
studied  the  organ  and  its  relations  in  most  of  the  mammalian 
orders,  I  was  naturally  very  anxious  to  examine  the  condition  in 
the  Hyrax,  as  an  examination  would  probably  throw  additional 
light  on  the  affinities  of  this  remarkable  form,  which,  notwith- 
standing the  many  points  in  which  it  resembles  the  ungulates, 
and  the  marveUous  agreement  of  the  molars  with  those  of  the 
rhinoceros,  has,  it  must  be  admitted,  certain  cranial  characters^ 
apart  altogether  from  the  superficial  resemblance  in  the  upper 
incisors,  in  which  it  agrees  apparently  more  with  the  rodents. 
As  the  organ  of  Jacobson  is  in  all  rodents  that  have  yet  been 
examined  constructed  on  a  type  quite  diflsimilar  to  that  ii^  the 
ungulates,  it  seemed  likely  that  the  study  would  at  least  deter- 
mine whether  there  was  any  r^l  affinity  between  the  Hyrax  and 
the  rodents. 

I  am  unfortunately  unable  to  give  the  species  of  the  Hyrax 
examined.  Thomas  limits  the  western  range  of  Procavia  capensis, 
to  the  neighbourhood  of  Gape  Town,  but  a  species  is  found  not 
only  right  through  Namaqualand,  but  also,  I  am  led  to  believe, 
on  into  Damaraland.  Though  the  species  is  apparently  closely 
allied  to  P.  capensM,  it  differs  in  having  only  twenty-one 
libs.  As  it  is  unlikely,  however,  tht^t  any  perceptible  difference 
will  be  met  with  in  the  organ  of  Jacobson  in  the  various  species 
of  Procavia^  the  exact  species  of  the  Hyrax  examined  is  not  of 
much  importance  for  the  present  purpose. 
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Apart  from  the  condition  of  the  organ  of  Jacobson,  there  are 
a  number  of  points  in  the  anatomy  of  the  snout  in  which  the 
Hyrax  departs  considerably  from  the  more  usual  mammalian 
type.  The  transverse  ridges  of  the  palate  are  very  well  devel- 
oped, and  in  the  anterior  part,  and  just  behind  the  larger  incisors, 
there  is  f oimd  a  very  large  rounded  pad  of  connective  tissue,  very 
much  resembling  in  appearance  the  large  papilla  of  the  wombat 
and  other  marsupials ;  but  though  probably  similar  in  function, 
it  is  not  a  true  homologue,  as  there  is  a  minuter  true  papilla 
further  forward.  This  large  false  papilla  is  supported  by  a  small 
downward  process  from  the  well-developed  palatine  process  of  * 
the  premaxillary.  In  no  other  mammal  that  I  am  aware  of  is  a 
similar  development  found,  though  the  prevomer  in  Grompho- 
gnathus  has  a  median  downward  development  which  is  strikingly 
like  this  structure  in  the  Hyrax. 

When  the  organ  of  Jacobson  is  examined,  the  condition  is 
found  to  be  exceedingly  interesting,  and  in  some  respects  different 
from  that  of  any  other  mammal  as  yet  examined.  As  would  be 
inferred  from  the  well-formed  palatine  processes  of  the  pre- 
maxillary, the  cartilages  of  Jacobson's  organ  are  well  developed ; 
and  though  the  organ  is  less  developed  than  the  cartilages,  it 
extends  to  a  little  beyond  the  posterior  end  of  the  palatine  pro- 
cess. Owing  to  the  somewhat  complicated  condition  of  the 
cartilages  in  the  anterior  region,  it  will  be  more  convenient  to 
describe  the  organ  from  behind  f orwarda 

Fig<  1,  Plate  XXII.,  represents  a  section  in  the  transverse 
plane  passing  a  little  behind  the  posterior  border  of  the  anterior 
palatine  foramina,  and  shows  the  condition  and  relations  of  the 
most  developed  part  of  the  organ.  In  the  outer  side  of  the  well- 
developed  palatine  process  {p,Pmx.)  lies  the  cartilage  of  Jacobson 
•^irr^ularly  U-shaped.  It  rests  on  the  palatine  plate  of  the 
maxillary,  and  is  remarkable  chiefly  for  its  having  attached  to 
its  outer  and  lower  corner  the  posterior  development  of  the  outer 
nasal-floor  cartilage  (o,n/.e,).  In  a  number  of  very  dissimilar 
types,  such  as  in  Echidna,  Lepus,  Miniopterus,  etc.,  this  outer 
nasal-floor  cartilage  is  well  developed  posteriorly ;  but  I  am  not 
aware  of  any  other  form  in  which  it  becomes  completely  united 
to  Jacobson's  cartilage,  although  in  Echidna  the  elements  are 
practically  in  C/ontact. 
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A  little  behind  this  plane  the  outer  uasal-iloor  cartilage  is  lost, 
and  Jacobson's  cartilage  has  on  section  the  usual  C-  or  U-shaped 
appearance.  The  organ  itself  is  less  developed  than  in  most  of 
the  lower  mammals,  and  resembles  in  its  structure  that  of  the 
imgulates  much  more  than  that  in  the  rodents.  It  receives 
along  its  upper  edge  the  ducts  of  numerous  glands ;  and  on  its 
outer  side,  within  the  cartilaginous  sheath,  is  a  very  irregular 
plexus  of  veins. 

Fig.  2  represents  a  section  near  the  middle  of  the  anterior  pala- 
tine foramen.  Here,  the  outer  and  inner  walls  of  Jacobson's  cartilage 
are  closely  approximated  above,  and  form  almost  a  complete  tube 
for  the  duct  of  the  organ.  The  outer  nasal-floor  cartilage  is  more 
developed  than  in  the  posterior  sections,  but  still,  as  in  these, 
forms  with  the  premaxillary  a  complete  floor  to  the  nasal  cavity. 
On  this  plane  the  organ  is  represented  by  the  posterior  part  of 
its  long  duct,  which  is  on  section  somewhat  rounded,  and  lined 
with  columnar  epithelium.  •  There  is  still  here,  as  indeed  there  is, 
up  to  where  Jacobson's  duct  opens  into  the  naso-palatine  canal, 
a  number  of  larger  veins  in  close  relationship  to  the  duct. 

In  fig.  3,  which  illustrates  a  slightly  oblique  section  near  the 
anterior  border  of  the  anterior  palatine  foramen,  we  have  on  the 
left  side  Jacobson's  cartilage  passing  up  by  the  side  of  the  pala- 
tine process  to  unite  with  the  nasal  septum.  Towards  the  lower 
part  of  the  palatine  process  the  cartilage  curves  inward  and 
below  it,  and  forms  a  very  deep  channel  for  the  lodgment  of  the 
duct  of  the  organ.  The  outer  nasal-floor  cartilage  is  still  attached 
to  the  lower  part  of  Jacobson's  cartilage.  On  the  right  side  of 
the  figure,  which  is  a  little  in  front  of  the  other,  the  premaxil- 
lary is  about  to  unite  with  its  palatine  process,  and  in  the  angle 
between  the  two  bony  structures  lies  the  upper  part  of  Jacobson's 
cartilage, — united  above  to  both  the  inner  part  of  the  nasal- 
floor  cartilage  proper,  which  rests  on  the  palatine  process,  and 
also  to  the  outer  part  which  rests  on  the  premaxillary.  The 
uniting  of  the  premaxillary  with  its  palatine  process  shuts  off  the 
lower  corner  of  the  nasal  cavity,  which  may  now  be  regarded  as 
the  naso-palatine  canal. 

In  fig.  4  the  anterior  development  of  tlie  outer  nasal-floor 
cartilage,  which  lies  on  the  outer  side  of  the  naso-palatine  canal, 
is  now  distinct  from  the  anterior  development   of  Jacobson's 
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cartilage,  which  protects  Jacobson's  duct  on  its  upper,  inner 
and  under  sides. 

A  little  farther  forward  the  two  cartilages  unite  above,  and, 
as  shown  in  fig.  5,  almost  completely  siirround  the  naso-palatine 
canal  and  Jacobson's  duct. 

In  fig.  6  the  duct  of  the  organ  has  opened  into  the  naso- 
palatine canal. 

On  passing  still  farther  forward,  Jacobson's  cartilage  becomes 
lost,  and  the  canal  is  supported  above  and  below  and  on  the 
outer  side  (fig.  7). 

Almost  at  the  very  fi'ont  of  the  palate,  and  between  the  two 
large  incisors,  the  naso-palatine  canal  opens  by  the  side  of  the 
small  papilla,  as  shown  in  fig.  8. 

As  I  have  recently  shown,^  the  organ  of  Jacobson,  with  its 
cartilages  and  related  structures,  throughout  the  mammalia 
follows  one  of  two  main  types.  The  first  is  seen  in  its  most 
developed,  though  somewhat  specialised,  condition  in  the  mono- 
tremata,  and  in  a  less  developed  and  simpler  condition  in  the 
marsupialia.  With  slight  modifications  the  same  type  ia  fol- 
lowed in  the  edentata  and  rodentia.  Here  the  inner  part  of 
the  nasal-floor  cartilage  becomes  Jacobson's  cartilage;  and 
though  the  organ  may  either  open  into  the  posterior  part  of  the 
naso-palatine  canal  or  on  to  the  nasal  floor,  the  cartilage  is 
always  simple,  and  never  has  any  anterior  or  downward  prolon- 
gation away  from  the  part  forming  the  anterior  nasal  floor.  In 
the  other  type,  which  is  seen  in  the  cheiroptera,  insectivora, 
lemuridae,  carnivora,  and  imgulata,  Jacobson's  organ,  when 
developed,  always  opens  into  the  naso-palatine  canal,  and  there 
is  always  a  complex  arrangement  of  the  cartilages.  What  is 
manifestly  Jacobson's  cartilage  behind,  is  always  found,  on 
tracing  it  forward,  to  divide  into  an  upper  part  which  becomes 
the  cartilage  of  the  nasal  floor,  and  a  lower  part  which  passes 
forwards  and  protects  the  duct  of  the  organ  on  its  inner  side. 
For  the  two  groups  into  which  the  Eutheria  can  thus  be  divided, 
I  have  proposed  the  names — Archaeorhinata  and  Caenorhinata. 

From  the  examination  of  the  organ  in  the  Hyrax,  it  will  be 
at  once  seen  that  this  animal  must  be  placed  in  the  latter  of  the 

'  "A  Contribution  to  the  Comparative  Anatomy  of  the  Mammalian  Organ 
of  Jacobaon,**  Trans.  Hoy.  Soc.  £d.,  vol.  xxxix.  pt  i.,  1897,  p.  231. 
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two  groups,  as  the  relations  of  the  organ  are  quite  unlike  thosx* 
found  in  the  rodentia  and  lower  forms,  and  agree  closelv  with 
those  seen  in  the  ungulata.  Unfortiuiately  the  organ  has  only 
been  carefully  examined  in  a  very  few  uugiilate  t}^)es;  and 
though  later  researches  may  find  in  the  organ  of  the  rhinoceros 
or  other  form  a  closer  agreement  with  the  conilition  in  the 
Hyrax,  at  present  the  organ  in  the  Hyrax  finds  its  nearest  ally 
in  that  of  the  sheep  and  ox.  The  only  feature  of  note  in  which 
the  Hyrax  oi^n  differs  from  the  normal  ungulate  type  is  in  the 
possession  of  the  well-developed  outer  nasal-fiiKtr  cartilage.  This 
is  a  primitive  character  now  lost  in  most  of  the  Casnorhinata, 
and  still  retained  in  many  of  the  lower  fonus  Owing  to  the 
early  obliteration  of  the  naso-palatine  canal  in  the  horse,  Uie 
condition  of  parts  is  so  modified,  and  many  of  the  structures  so 
aborted,  that  the  type  is  of  little  use  for  piurposes  of  com- 
parison. So  far  as  can  be  seen,  thei-e  are  no  features  in  the 
organ  of  the  horse  which  approach  more  nearly  to  those  of  the 
Hyrax  than  do  those  of  the  sheep. 


EXPLANATION  OF  PLATE  XVIII., 

References :— a.n./.c,  anterior  development  of  outer  nasal-floor  car- 
tilage; /.c,  Jacobson's  cartilage;  J.ci.,  Jacobson's  duct;  lAo.,  Jacob- 
son's  organ;  Mx,,  maxillary;  n.$.,  nasal  septum;  n./.c,  nasal-floor 
cartilage ;  n.p  c,  naso-palatine  canal ;  o,nJ.c,^  outer  nasal-floor  carti- 
lage ;  Ptwx  ,  premaxillary ;  p.Pmx,^  palatine  process  of  premaxillary ; 
t\,  blood-vessels. 

Fig.  1.  T.  section  of  Jacobson's  organ  in  Procavia,  behind  anterior 
palatine  foramen. 

Fig.  2.  T.  section  near  middle  of  anterior  palatine  foramen. 

Figs.  3-8.  T.  section  through  anterior  palatine  region,  showing 
coarse  of  Jacobson's  duct  and  naso-palatine  canal. 


IS  THESE  A  CRITICAL  PERIOD  IN  MARSUPIAL 
DEVELOPMENT  ?    By  R.  Broom,  M.D.,  B.Sc. 

For  a  good  many  months  I  have  been  engaged  in  the  study  of 
marsupial  development- — a  work  which  I  undertook  partly  to  see 
for  myself  whether  I  could  find  any  Satisfactory  evidence  in  sup- 
port of  or  against  the  theory  of  vertebrate  development,  recently 
advanced  by  my  friend  Dr  Beard.^  Though,  from  the  first,  I 
found  it  impossible  to  believe  in  the  occurrence  of  two  generations 
between  the  fertilised  ovum  and  the  adult,  there  seemed  to  be 
brought  forward  in  favoiu*  of  there  being  a  '  critical  period '  in 
vertebrates  a  mass  of  evidence  sufficiently  strong  to  compel  even 
one  who  rejected  the  underlying  theory  to  look  into  the  matter. 
I  should  not  at  present  have  entered  the  discussion  had  not  Dr 
Beard  recently  published  ^  a  description,  with  figures,  of  two  mar- 
supial embryos,  the  examination  of  which,  he  holds,  proves  that 
the  marsupial  is  born  at  the  '  critical  period/  With  this  belief 
as  a  foundation,  he  has  arrived  at  many  very  interesting  conclu- 
sions.* I  am  at  present  less  concerned  with  the  superstructure : 
but  as,  from  an  exammation  of  the  same  material,  I  have  arrived 
at  a  very  different  conclusion^  the  case  is  otherwise  with  the 
foundation. 

Dr  Beard,  in  his  most  recent  publication  (II.,  p.  87),  thus  de- 
fines the  *  critical  period ' :—"  The  *  critical  period'  in  a  morpho- 
logical sense  is  that  epoch  of  the  development  when  all  the  parta 
of  the  organism  are  first  present  as  the  foundations  or '  anlagen '  of 
all  the  organs;  it  is  that  state  when  epigenesis  is  ended,  and 
evolution  or  unfolding  is  beginning ;  it  is  that  point  where  the 
individuality  of  the  organism  is  first  attained,  when  it  has  ac- 

^  On  certain  problems  of  Vertebrate  Embryology ^  O.  Fischer,  Jena,  1826. 

^  **The  birth  period  of  Trichosurus  vulpeeula,''  Zool.  Jahrb.,  Bd.  11,  1897, 
p.  77. 

*  The  Span  of  Gestation  and  tJic  Cause  of  Birth,  0.  Fischer,  Jena,  1897. 

These  papers  will  in  the  present  jjajter  be  referred  to  rc8pecti\*ely  by  the  Roman 
numerals  I.,  II.,  and  III. 
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qiiired  a  something  S3tting  it  down  as  the  embryo  of  some 
particular  form,  and — the  wording  is  important — when  it  is  first 
beginninff  to  resemble  its  progenitors.  It  then  bears  no  absolute 
likeness  to  them,  but  it  is  just  "beginning  to  look  like  them."  In 
other  words,  it  is  believed  that  when  an  embryo  is  first  beginning 
to  resemble  its  progenitors,  all  the  parts  of  the  organism  are  first 
present  as  the  foundations  or  '  anlagen '  of  all  the  organa  The 
difficulty  is  now  to  decide  when  an  embryo  is  beginning  to 
resemble  its  progenitors ;  and  much  depends  on  the  meaning  of 
the  word  *  resemble.'  I  note  that  Dr  Beard  considers  the 
recently  born  Macropvs  thetidis  (?y  to  be  "  quite  like  a  kangaroo  " 
(II.,  p.  91).  If  this  is  an  illustration  of  the  meaning  to  be  at- 
tached to  the  words  "  quite  like,"  the  difficulty  of  picturing  an 
embryo  that  is  "  beginning  to  resemble  "  its  progenitors  is  en- 
lianced.  We  are,  however,  assisted  by  the  furnishing  of  a  number 
of  guides,  by  which,  from  the  external  characters,  the  *  critical 
period  '  can  be  determined  (II.,  p.  88).  These  are : — "  the 
mammary  line  has  just  entirely  disappeared,  and  has  left  a  cer- 
tain number  of  well-defined  milk  points,  the  lacrymal  groove 
has  quite  disappeared,  hair  follicles  are  visible  on  some  part  of 
the  face,  the  eyes  are  ovoid  and  no  longer  rounded  (Keibel),  the 
forearm  is  flexed,  and  the  digits  of  the  hand  are  easily  made  out." 
While  admitting  that  *' sometimes  all  these  tests  cannot  be 
applied,  as  in  the  sheep,  where  a  mammary  line  is  never  de- 
veloped," Dr  Beard  adds  that,  "  practically,  hardly  one  of  them 
can  be  applied  to  marsupial  embryos."  At  birth,  and  for  a  con- 
siderable time  afterwards,  marsupial  embryos  are  furnished  with 
a  thick  epitrichial  layer,  which  no  doubt  hides  the  -external 
characters  to  some  extent,  but  this  layer  is  only  formed  as  the 
embryo  is  approaching  birth,  and  in  all  the  earlier  stages  the 
external  characters  are  as  distinct  as  in  a  Eutherian  foetua 

If,  furnished  with  these  guides,  a  series  of  marsupial  embryos 
be  examined,  in  an  endeavour  to  find  a  *  critical  period '  such  as 
has  been  described  in  the  Eutheria,  there  would  be  little  diffi- 

'  The  species  of  this  foetus,  which  I  gave  to  Dr  Beard,  mnst  be  regarded  as 
doubtful.  It  was  given  me  as  the  young  of  a  '  Paddymelon  ' ;  but  as  this  form 
was  very  rare  in  the  district,  and  the  intelligence  of  the  man  who  collected  it  for 
me  was  not  above  the  average,  I  was  careful  to  query  the  species.  I  pointed  out 
tlte  uncertainty  to  Dr  Beard,  but,  from  his  paper,  he  evidently  considers  no  doubt 
exists. 
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culty  in  deciding  on  one  much  before  birth  as  coming  nearest 
to  the   looked-for  stage.     Take,   for  example,  an  intrauterine 
Trichosurus  embryo  of  10*5  mm.,  greatest  length.     Here  there  is 
no  obscm-ing  of  the  external   characters  by  a  thick  epitrichial 
layer,  and  we  find   the  head,  bearing  a  greater  resemblance  to 
the  progenitor  than  even  at  birth.    The  lacrymal  grooves  are 
closed,  and  the  face  is  better  formed  than  in  the  human  embrvo 
of  over  7  weeks*     The  eyelids  are  open,  and  give  the  small  eye 
an  oval  appearance ;  the  external  ear  is  quite  distinct,  and  the 
pinna  pointed.    The  fore-limbs  are  well  formed ;  and  the  digits 
are  not  only  distinct,  but  are  already  provided  with  claws.     The 
hind-limbs  are,  of  course,  less  developed ;  but  even  here  the  digits, 
though  still  attached   to   each   other,  are  clearly  mapped  out. 
Wlien  the  internal  anatomy  is  examined,  the  chorda  dorsalis  is 
found  to  be  constricted  by  well-developed  cartilaginous  vertebral 
centra,  which  are  cartilaginous  even  to  the  root  of  the  tail.     The 
ribs,  fore-limbs,  and  shoulder-girdle  are  also  well  chondrified,  and 
the  clavicle  is  ossified.     Jacobson's  organ  is  developed,  and  the 
retina  pigmented  partly.    Tlie  development  of  the  permanent  kid- 
neys and  of  the  Muellerian  ducts  has  advanced  some  little  distance ; 
while  the  dental  ridge  is  laid  down,  and  the  incisor  germs  well 
developed.     With  the  exception  of  the  non-difTerentiation  of  sex, 
which  is  a  character  apparently  of  slight  moment  in  the  deter- 
mination of  the  '  critical  period,'  since  it  is  admittedly  absent  in 
the  majority  of  the  Ichthyopsida  (I.,  p.  11),  in  two  points  only  is 
the  10*5  mm.  Trichosurus  behind  the  embryos  of  the  mole,  rabbit, 
and  pig  described  as  'critical': — (1)  there  is  no  commencement 
of  the  posterior  fissure  of  the  spinal  chord,  and  (2)  there  is  a 
lumen  in  the  lens.     As  Dr   Beard  admits  that  there  is  still  a 
cavity  in  the  lens  at  the  birth  period,  it  must  be  assumed  that 
he  does  not  regard  the  obliteration  of  the  cavity  in  the  lens  as 
a  necessary  character  of  the  *  critical  period.'    We  are  thus  left 
with  only  one  essential  feature  in  which  the  10*5  mm.  Trichosurus 
is  behind  the  supposed  critical  Eutherians,  while,  as  regards  its 
skeletal  development,  it  is  far  in  advance. 

Let  us  now  consider  the  stage  in  the  development  which 
Dr  Beard  considers  to  i^epresent  the  '  critical  period.'  As  all 
the  adult  internal  organs  are  either  originated  or  considerably 
developed  in  the  lOo  mm.  Trichosurus,  of  course  they  are  equally 
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to  be  found  in  all  the  later  stages.  But  if  we  are  to  wait  till  the 
birth  period  to  get  a  stage  corresponding  to  the  *  critical  period ' 
of  the  pig,  rabbit,  or  mole,  we  shall  find,  on  careful  examination, 
that  we  are  much  farther  off  than  before,  on  the  other  side.  The 
brief  period  during  which  Dr  Beard  had  to  examine  the  sections 
of  the  late  intrauterine  and  just-born  Trichosurus  might  readily 
excuse  the  omission  to  observe  certain  points ;  but,  unfortunately, 
in  the  points  described,  Dr  Beard  has  made  one  or  two  rather 
serious  mistakes  in  observation.  He  says — (II.,  p.  86): — ^**  Where- 
as in  no  other  cases  known  to  me  is  the  skeleton,  at  the  '  critical 
period,'  other  than  cartilaginous  in  the  marsupial,  as  exemplified 
by  Trichosurus,  there  is,  at  this  epoch,  bone  in  the  form  of  a 
largely  ossified  clavicle."  This  observation  as  regards  the  clavicle 
is  correct,  as  I  pointed  out  about  a  year  ago,^  but  it  implies, 
unfortunately,  that  the  clavicle  alone  is  ossified ;  and  on  page  82 
(II.)  the  definite  statement  is  made,  while  giving  the  characters 
of  the  newly-born  specimen,  that  "  there  is,  as  yet,  no  ossification 
in  the  lower  jaw."  That  Dr  Beard  evidently  considers  the 
presence  or  absence  of  ossification  in  the  lower  jaw  a  point  of 
much  importance  in  the  determination  of  the  *  critical  period  * 
may  be  seen  from  the  following  statement  on  page  90  (II.)- — 
"  The  newly-born  Peraitieles  obesula  is  over  the  *  critical  period,' 
and  this  is  proved  by,  among  other  things,  the  circumstance  that 
ossification  has  then  set  in  [in]  the  lower  jaw."  The  true  facts 
with  regard  to  the  newly-born  Trichosurus  are,  that  not  only  is 
there  an  extensively  ossified  lower  jaw,  but  that  many  other 
bones  of  the  head  are  also  well  ossified.  Ossification  is  well 
marked  in  the  following  bones: — ^premaxillary,  maxillary  (with 
even  the  secondary  palatal  plate  formed),  palatine,  and  pterygoid. 
In  the  late  uterine  f(jetus  the  same  bones  are  all  ossified,  with  the 
exception  of  the  pterygoid.  Fig.  1  represents  a  cross-section  of 
the  snout  of  the  unborn  specunen,  and  shows  the  degree  of 
ossification  of  the  jaws. 

Notwithstanding  the  assertion  on  page  87  (II.)  that  "  what 
really  determines  the  critical  period  ....  is  the  state  of  the 
embryo  as  a  whole,  and  not  the  histolc^cal  condition  of  some 
one  or  more  organs  of  secondary  importance,"  Dr  Beard  seems  to 

*  "On  the  Existence  of  a  Sterno-coracoidal  Articulation  in  a  Fcetal  Mar- 
supial," Jour.  Anat.  and  Phys.,  July  1897. 
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take  the  single  character  of  the  commencement  of  the  poflteriwr 
fissure  of  the  spinal  cord  as  his  guide  in  determiuiug  the  '  critical 
period ' ;  and  if  his  tables  of  the  '  critical  period '  be  examined, 
it  will  be  found  that,  with  the  exception  of  such  characters  as 
"  adult  fonu  of  olfactory  organ,"  which  would  equally  suit  any  of 
the  later  sti^s,  it  is  the  only  character  which  the  various 
embryos  described  as  '  critical '  have  in  common. 

In  marsupials,  so  far  as  my  researches  go,  the  posterior 
fissure  is  always  formed  at  a  very  late  period  in  the  development, 
aa  compared  with  that  in  the  Entheria.     In  Trichosurns,  Dr 


Beard  stateH  Uiat  the  posterior  tisaure  is  "  well  initiated "  at 
birth,  and  this  he  evidently  considers  a  very  strong  point  in 
support  of  his  belief  that  the  '  critical  period '  occius  at  exactly 
the  same  lima  Being  unable  myself  to  find  any  indications  of  a 
posterior  fissure  at  birth,  and  thinking  it  probable  that  Dr  Beard, 
with  hifl  much  larger  experience,  m^ht  possibly  have  seen  some 
evidences  that  had  escaped  me,  I  cut  an  embryo  TriehosuruB  of 
17  mm.  (greatest  length),  and  here  I  found  on  examination  that 
the  posterior  fissure  is  no  more  initiated  than  at  birth.  As  I  will 
shortly  elsewhere  be  illustrating  the  development  of  the  spinal 
cord  in  Trichosurus,  I  will  at  present  give  a  figure  of  the  condi- 
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tioD  in  a  mammary  foetus  of  the  ring-tailetl  phalanger,  Pseudv 
e/iinis  peregHnus.  Figure  2  repreaents  a  section  o£  the  spinal 
cord  of  a  16  mm.  mammary  foetus  of  this  interesting  form,  which, 
\yy  the  way,  ia  considerably  smaller  at  birth  than  TrichosuruB. 
To  illustrate  the  degree  of  development  of  this  ftetuB,  it  may  be 
mentioned  that,  besides  having  a  highly  ossified  condition  of  many 
of  the  bones  of  the  head,  ossification  had  commenced  in  the  arches 
fif  the  cervical  vertebrse,  the  upper  ril»,  the  long  bones  of  the 
fore-limba,  and  the  seapnla,  and,  of  course,  in  the  clavicle.     A 


glance  at  the  figure  will  readily  suggest  how  "  well  initiate*! "  the 
posterior  fissure  must  he  at  birth  in  this  form,  and  will  show  how 
reliable  is  "  the  best  and  surest  guide"  (III.,  p.  103)  among  the 
internal  characters  to  the  supposed  '  critical  period.' 

It  will  thus  be  seen  that,  so  far  from  there  being  any  evidence 
to  be  derived  from  a  study  of  marsupials  in  favour  of  there  being 
a  'critical  period'  in  mammalian  development,  there  is  very 
strong  reason  for  regarding  the  *  critical  period '  as  purely 
imf^inary,  and  that  some  of  its  main  foundations  rest  on  in- 
accurate observations. 


720   IS  TIIEBR  A  CBITICAL  PERIOD  IX   MAB8UPIAL  DEVELOPXENT  ? 

To  one  who  fails  to  see  anything  '  critical '  in  the  coniUtion  of 
the  marsupial  at  birth,  the  most  interesting  feature  is  that  it  is 
ill  many  of  its  characters  a  monotreme.  It  has  a  cloaca ;  and,  as 
I  have  already  shown,  the  coracoid  is  well  developed,  and  articu- 
lates with  the  sternum ;  while  the  ear,  which  Dr  Beard  notes  to 
lie  of  the  ''mammalian  type,"  differs  from  that  of  the  adult 
marsupial  and  Eutherian,  and  agrees  with  that  of  the  monotreme 
in  having  the  cochlea  not  spiral,  but  only  slightly  cun'^ed 


THE  MUSCLES  OF  MAMMALS,  WITH  SPECIAL  RELA- 
TION TO  HUMAN  MYOLOGY :  A  Course  of  Lectures 

DELIVERED     AT     THE      ROYAL    COLLEGE     OF     SURGEONS    OE 

England,  by  F.  G.  Parsons,  F.R.C.S.,  ffunterian  Professor. 

{Cmitinued  from  page  450.) 
Lecture  II. — The  Muscles  of  the  Shoulder  and  Fore-Limb. 

Deltoid. — In  man  there  are  three  parts  of  the  deltoid  re- 
cognised— clavicular,  acromial,  and  spinous ;  these  are  so  closely 
connected  that  any  attempt  to  separate  them  would  result  in  an 
artificial  division.  In  apes  and  monkeys  the  three  parts, 
although  more  easily  separable,  are  still  united,  while  in  lemurs 
the  spinous  part  of  the  muscle  is  separate,  and  inserted  deep  to, 
and  nearer  the  shoulder  than,  the  acromial  portion  (fig.  1).  In 
most  claviculate  animals  lower  down  in  the  scale,  such  as  the  bats, 
rodents,  and  insectivores,  the  three  parts  are  quite  distinct,  and 
the  clavicular  fibres  are  attached  lower  down  (nearest  the  elbow), 
the  acromial  fibres  deep  to  these  and  nearer  the  shoulder,  while 
the  spinous  fibres  are  inserted  highest  of  all,  and  deep  to  the 
acromial  ones.  In  the  non-claviculate  animals,  such  as  car- 
nivores and  ungulates,  the  clavicular  portion  of  the  deltoid  is 
continuous  with  the  cephalic  fibres  of  the  trapezius,  to  form  the 
cephalo-humeralis.  This  muscle  has  a  tendinous  intersection 
marking  the  line  of  the  absent  clavicle,  and  here  the  cleido- 
mastoid  muscle  is  also  attached.  In  most  carnivores  a  rudi- 
mentary clavicle  is  present,  though  this  does  not  take  the  place 
of  the  tendinous  intersection,  but  lies  deep  to  it.  Very  often  the 
clavicular  head  of  the  deltoid  is  inserted  into  the  forearm  with 
the  biceps  and  brachialis  anticus ;  this  is  especially  the  case  in 
animals  belonging  to  the  families  of  Felidae  and  Viverridte 
among  the  Carnivora. 

Tlie  overlapping  of  the  three  parts  of  the  deltoid  reminds  us 
of  a  similar  arrangement  in  the  pectorals:  here  the  clavicular 
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part  is  most  superficial  and  inserted  lowest,  the  sterual  fibres 
deeper  and  nearer  the  shoulder,  wliile  the  aUIoininal  fibres  or 


Fit).  1. — Shouldtr  nrnaclm  of  Lemur,  a,  omo  tnchelun  ;  b,  ctrMo-rattXaid  : 
e,  Hterno-mastoid  ;  d,  ti*|ieziUB  ;  r-c'.c",  three  parte  or  deltoid  ;  g,  tcna 
lu^or  J  h,  triceps  ;  },  latiasimoa  dorsi. 

pectoralia  quartiis  are  inserted  deepest  and  highest  of  all.  A 
similar  arrangement  of  fibres  may  be  noticed  in  the  SRibecapulartH 
of  some  mammals,  e.g.,  the  dog :  here  the  fibres  which  rise  highest 
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I>as8  »iiperJi<.'ial  to  the  others,  and  are  inserted  lowest  (fig.  2). 
What  the  original  cause  of  this  twisting  of  tlie  miiecles  about 
the  shoulders  is  I  do  not  know,  though  it  is  easy  to  see  a 
mechanical  advantage  in  it.  The  facts,  however,  are  worth 
bearing  in  mind  by  future  ob8er\'erB. 

Teres  minor. — The  teres  minor  is  usually  regarded  as  a  separate 
slip  of  the  deltoid;  and  when  we  look  at  the  arrangement  of  the 
spinous  head  of  tliat  mnacle  in  a  generalised  mammal,  such  as 
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the  dog.  it  is  easy  to  imagine  how  some  of  the  apterior  (cephalic) 
fibres  might  have  acquired  an  attachment  to  the  axillary  border 
of  the  scapula  and  to  the  fascia  over  the  infraspinatus;  they 
would  then  run  from  the  axillary  border  of  the  scapula  to  the 
humenis  just  below  the  slioulder  joint.  Higher  up  in  tlie 
mammahan  scale,  the  spinous  head  of  the  deltoid  shifts  its 
insertion  to  nearer  the  elbow,  but  the  teres  minor  bundle  retains 
its  original  insertion.  This  sliifting  downwards  of  the  attach- 
ment of  the  spinous  part  of  the  deltoid  must,  I  think,  be 
dependent  on  the  conversion  of  the  fore-limb  in  the  primates  from 
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aa  oi^Q  of  locomotioQ  to  one  of  prehenBion,  though  it  is  ditlicult 
to  define  the  exact  mechanical  advantage  of  the  change,  as  ve 
know  BO  little  of  the  combinations  of  muscles  which  produce  any 
definite  movement.  It  may  be  objected  that  the  lemurs  are 
distinctly  brachiating  animals,  aud  that  in  them  the  spinous 
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ipio&tuB  ;  d.  Teres  minor  ;  t 

portion  of  the  deltoid  has  its  typical  mammalian  insertion  near 
the  shoulder.  To  this  I  would  reply,  that  muscles  often  take  a 
long  time  to  adapt  themselves  to  the  altered  habits  of  their 
posaessors:  for  example,  the  muscles  of  the  arboreal  squirrel 
hardly  differ  at  all  from  those  of  the  burrowing  marmot;  and  it 
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limy  well  be  that,  in  the  lemurs,  the  adaptation  of  the  deltoid  to 
ultered  habits,  an  adaptation  bo  evident  in  monkeys  and  man, 
has  not  yet  had  time  to  be  acquired. 

In  one  macaque  monkey  which  I  dissected,  and  of  whidi  I 
show  a  specimen  (fig.  3),  a  muscular  slip  passed  from  the  mela- 
cromion  where  the  deltoid  was  rising,  to  the  axillary  border  of 
the  Bcapula  at  the  origin  of  the  teres  minor.  I  have  never  seen  or 
heard  of  this  muscle  before,  but  I  have  in  three  or  four  cases, 
e.g.,  Bhizomys,  Myopotamus,  and  Fedetes,  found  a  fibrous  band 
occupying  exactly   the  same    position,   and  having    the   aune 


direction  and  relations  {fig.  4).  I  look  upon  this  muscle  as  au 
evidence  of  the  original  connection  between  the  deltoid  and 
teres  minor.  Of  courae,  the  strongest  reason  for  regarding  the 
teres  minor  as  part  of  the  deltoid  is  the  common  nerve  supply 
from  the  circumflex. 

Coraco-brachialis. — This  muscle  waa  described  by  Wood  as 
consisting  of  three  parts,  the  coraco-brachialie  brevis  or  rotator 
humeri,  which  ia  ouly  present  as  an  abnormality  in  man,  and 
which  ia  always  inserted  above  the  tendon  of  the  latissimus  dorsi 
(fig.  2);  the  coraco-brachialis  medius  inserted  into  the  middle  of 
the  diaft  of    the  humerus;  and  the  coraco-brachialis  longiis 
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inserted  into  the  internal  condyle  or  just  above  it  Testut,  I 
think  very  wisely,  separates  the  brevis  from  the  rest,  and  de- 
scribes it  as  a  distinct  muscle :  I  propose  to  follow  his  example. 
The  coraco-brachialis  brevis  is  found  in  the  Monotremes, 
Ornithorynchus,  and  Echidna;  in  Didelphys,  Thylaciuus, 
Sarcophilus,  Dasyurus,  Cuscus,  and  the  Macropodidse  (in  spite 
of  Meckel)  among  the  Afarsupialia.  In  Tatusia,  Oiycteropus, 
and  Chlamydophorus  among  the  edentates,  but  not  in  Myrme- 
cophaga,  Tamandua,  or  Cyclothurua  In  Bala^noptera,  Phocaena, 
and  Globiocephalus  among  the  Cetacea,  but  not  in  Hyperoodon. 
In  Sus,  Bos,  Ovis,  and  Equus  among  the  ungulates,  but  not  in 
Hippopotamus  or  Procavia  (Hyrax).  In  the  rodents  the  coraco- 
brachialis  brevis  is  present  in  all  the  sciuromorphine  and 
lagomorphine  forms,  while  in  the  hystricomorphine  and 
myomorphine  it  is  only  occasionally  found.  The  Carnivora  are 
remarkable  for  always  possessing  this  muscle  except  in  certain 
members  of  the  Mustelidae  or  weasel  family ;  for  instance,  it  was 
absent  in  five  otters,  three  polecats,  and  a  badger,  of  which  I 
liave  records.  Among  the  insectivores  it  is  present  in  Galeo- 
pithecus,  Erinaceus,  Centetes,  Solenodon,  and  Potamogale,  but  is 
absent  in  Gymnura  and  the  Talpidse.  In  the  Cheiroptera  it  is 
always  absent.  Among  the  Primates  it  is  present  in  lemurs, 
and  in  cynoraorphous  monkeys,  according  to  Keith,  it  is  rarely 
absent.  In  chimpanzees  (Anthropopitheci)  it  is  present  in  over 
30  per  cent.,  but  in  gorillas  and  orangs  it  is  less  frequent.  In 
man,  according  to  Wood,  it  is  found  in  about  3  per  cent,  of  all 
cases.  The  facts  which  stand  out  most  clearly  from  this  resume 
are : — (1)  that  the  muscle  tends  gradually  to  disappear  in  the 
primates  until  man  is  reached,  when  its  disappearance  is  almost 
complete ;  (2)  that  the  muscle  is  absent  in  bats ;  (3)  that  in  all 
the  other  orders  it  is  usually  present,  but  occasionally  absent. 
We  have  seen  that  the  omo-hyoid  and  omo-trachelian  muscles  of 
man  and  bats  differ  from  those  of  other  mammals,  and  we  have 
traced  this  resemblance  to  the  setting  back  of  the  shouldera  I 
cannot  help  thinking,  though  I  do  not  know  how  it  happens, 
that  the  absence  of  the  coraco-brachialis  brevis  may  be  due  to,  or 
correlated  with,  the  sape  cause. 

The  coraco-brachialiif  medius  and  longus  are  muscles  which  are 
not  very  satisfactorily  separated  from  one  another.     The  medius 
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ariaes  from  the  corscoid  procesB,  and  is  inserted  into  near  the 
middle  of  the  shaft  of  the  hnmenis,  passing  ventral  to  the  teadou 
of  the  latissimus  dorsi  (fig.  5,  a).  In  man  this  part  of  the  muscle 
is  pierced  by  the  museulo-cutaneoiiB  nerve,  but  in  every  other 
mammal  which  I  have  dissected  I  have  always  found  the  nerve 
passing  above  the  medius.  There  are,  however,  records  of  orangs 
and  chimpanzees  in  which  the  nerve  has  been  found  piercing  the 


Fio.  5.— Ann  of  Tree  Porcupine  {Sphinguma  prelieTitili*).  a,  coraco-bncliUlU 
madias ;  b,  conco-brscbialu  loiigoi ;  c,  biceps  ;  d,  median  nerre ;  <,  mnsculo- 
cntansDUB  uervs  ;  /,  epitrochleo-anconeus  ;  g,  brachialieatiticus  ;  A,  (lectoral  ; 
i,  deltoid  ;  it,  clavicufoacapularis  ;  I,  latissimus  doni ;  m,  dorsoolecranalis. 

muscle,  and  there  are  also  Bome  of  gorillas  in  which  there  is  a 
continuity  between  the  coraco-brachialis  brevie  and  medius.  I 
do  not  think  that  man's  coraco-braehialia  represents  the  fused 
upper  and  middle  heads  of  other  mammals,  because  an  upjter 
head  is,  as  we  liave  seen,  sometimes  present  in  man,  with  its 
normal  insertion  above  the  latissimus  dorsi;  moreover,  the  relation 
of  a  nerve  to  a  muscle  is  not  a  point  on  which  too  much  stress 
-should  be  laid;  every  anatomist  is  familiar,  for  instance,  with 
VOL  xxxn.  {k.s.  vol.  xii.)  3  b 
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the  way  in  which  the  great  sciatic  nerve  sometimes  pierces  the 
pjriformis,  and  at  other  times  passes  deep  to  it.  My  own 
opinion  is  that  the  coraco-brachialis  of  man  represents  the 
medius  of  the  lower  animals,  and  that  possibly  the  longus  may 
be  represented  by  the  internal  intermuscular  septum. 

The  coraco-brachialis  loi^us  arises  from  the  coracoid  process, 
and  is  inserted  into  the  lower  end  of  the  humerus  above  the 
internal  condyle;  in  many  cases  it  is  difficult  to  determine 
where  the  separation  between  it  and  the  medius  occurs,  but 
sometimes  in  man  the  two  parts  are  separated  by  the  median 
nerve  and  brachial  artery.  I  have  only  once  found  this  ar- 
rangement in  the  lower  mammals,  in  a  tree  porcupine  (Sphin- 
gurus),  and  I  have  never  met  with  any  record  of  it  by  other 
writers  (fig.  5).  The  animals  in  which  the  longus  is  best  developed 
are  not  confined  to  any  special  order;  it  is  foimd  in  Cuscus 
among  the  marsupials,  in  Tatusia  and  Orycteropus  among. the 
edentates,  in  Erinaxseus,  Centetes,  and  Solenodon  among  the 
insectivores.  In  the  rodents  it  is  present  in  the  tree  porcu- 
pines Erethizon  and  Sphingurus;  in  many  squirrels  (Sciiirus. 
Pteromys,  Xerus,  and  Spermophilus),  as  well  as  in  most  of  the 
Myomorpha.  It  is  present  in  the  bears  among  the  Camivora, 
in  the  ox  and  sheep  among  the  Ungulates,  and  in  many  lemurs. 
It  is  a  curious  fact  that  in  three  animals  no  trace  of  any  part 
of  the  coraco-brachialis  has  been  seen :  these  are  the  African 
polecat  (Ictonyx)  among  the  Carnivora,  Gymnura  amoi^  the 
Insectivora,  and  Viscacha  among  the  £odentia.  My  own  ex- 
perience of  each  of  these  animals  is  confirmed  by  that  of  other 
observers.  As  far  as  I  know,  these  animals  have  nothing  iii 
common,  either  in  their  structure  or  habits,  which  can  account 
for  the  total  disappearance  of  the  muscle. 

Brac/tiatis  aniicus  (Flexor  brachii  hrmis), — In  man  this 
muscle  is  very  imperfectly  developed.  If  we  examine  any 
mammal  in  which  the  muscular  system  is  fairly  generaUaed,  such 
as  a  rodent  or  insectivore,  we  shall  find  that  the  greater  part 
of  the  muscle  rises  from  the  back  part  of  what  in  man  is  the 
surgical  neck  of  the  humerus,  and  that  the  fibres  vdnd  round 
the  outer  side  of  the  bone,  to  be  attached  to  the  ulna  just 
below  the  elbow.  In  addition  to  tins,  we  can  often  separate  au 
internal  slip  {e.g.,  in  Hystrix  or  Dasyprocta)  which  arises  fraua 
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the  front  of  the  humerus  below  the  pectoral  ridge,  and  just  in- 
ternal to  the  insertion  of  the  coraco-brachialis  medius  (fig.  5).  In 
a  three-toed  sloth  (Bradypus)  which  I  lately  dissected,  the  coraco- 
bi-achialis  was  almost  continuous  with  this  part  of  the  brachialis 
■auticus,  and  the  direction  of  the  fibres  was  the  same. 

I  look  upon  the  external  part  of  this  muscle  as  a  combina- 
tion of  the  fibres  of  the  dorsal  and  ventral  part  of  the  sleeve- 
like process  which  is  pushed  out  from  the  trunk  musculature  by 
the  budding  anterior  extremities:  this  view  accounts  for  its 
dorsal  origin  and  ventral  insertion,  as  well  as  for  its  double 
*  nerve  supply  by  the  musculo-spiral,  which  is  a  dorsal  branch  of 
the  brachial  plexus,  and  the  musculo-cutaneous,  which  is  a 
ventral  nerve.  The  supinator  longus  and.  extensores  carpi 
radiales  were  probably  the  original  downward  continuation  of 
this  sheet,  but  they  have  acquired  a  secondary  attachment  to 
the  outer  (pre-axial)  condyle  of  the  humerus,  and  only  the  fibres 
which  were  ventral  to  them  are  continued  on  as  the  insertion  of 
the  brachialis  anticus.  With  one  or  two  exceptions  (Bradypus, 
Pteropus,  etc.),  the  high  origin  of  the  muscle  persists  until  we 
reach  the  anthropomorphine  apes;  then  the  upper  part  of  the 
outer  head  dwindles,  and  only  remains  as  a  few  fibres  rising 
from  the  floor  of  the  spiral  groove,  a  groove  which  was  evidently 
formed  primarily  by  the  brachialis  anticus,  not  by  the  musculo- 
spiral  nerve,  for  which  it  is  much  too  large. 

The  fact  that  in  man  the  origin  of  the  brachialis  anticus  dove- 
tails to  receive  the  insertion  of  the  deltoid  is  explained  by 
regarding  this  as  the  point  of  union  between  the  original  ex- 
ternal and  internal  heads  of  the  double  muscle.  With  r^rd 
to  the  nerve  supply,  I  have  frequently  observed  that  in 
mammals  the  outer  (long)  head  is  supplied  by  both  the  mus- 
culo-cutaneous and  musculo-spiral  nerves,  while  the  inner  head 
only  receives  twigs  from  the  musculo-cutaneous.  Macalister 
notices  that  the  human  brachialis  anticus  receives  an  external 
and  internal  branch  from  the  musculo-cutaneous,  another  indi- 
cation of  the  original  double  nature  of  the  muscle. 

Palmaris  longus, — This  muscle  is  almost  as  inconstant  in 
the  lower  mammals  as  it  is  in  man.  Sometimes  it  is  a  dis- 
tinct muscle,  at  others  it  is  a  slip  from  the  inner  part  of  the 
surface  of  the  flexor  sublimia  digitorum,  as  in  the  paca  (Coelo- 
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-genys)  and  grouDd  squirrel  (Xerus),  while  at  others  it  comes- 
from  the  surface  of  the  flexor  carpi  iihiariB,  e.g.,  civet  (Viverra), 
both  these  latter  arrangements  are  known  as  abnormalities  in 
mait.  In  a  kinkajou  (Cercoleptes)  and  a  genet  (fig.  6)  the  two 
varieties  coexisted  in  the  same  forearm,  and  it  was  noticed  that 
the  one  derived  from  the  flexor  carpi  uluaria  was  supplied  hj 
the  ulnar  nerve.  I  am  quite  in  accord  with  the  theory  that  the- 
pahnariB  longus  is  a  degenerate  flexor  of  the  proximal  phalan^s. 


Fio.  8— Fottarm  of  Osnet  [Genela  mdgarit),  Bfaowing  two  P>lmsrcs  Ltmsi  •mf 
FlazoT  BreviB  Digitorum  M&DUt.     (From  tlie  Proettdings  of  the  Zo^ogieal 

Society.) 

and  it  is  possible  that  the  muscle  was  origbally  a  broad  sheet,, 
supplied  by  both  median  and  ulnar  nerves. 

Flexor  suMimis  digiiorum,. — All  through  the  mammalian  class 
this  muscle  seems  to  be  going  through  a  continual  struggle  to 
maintain  its  existence,  or,  at  least,  to  avoid  becoming  a  mere 
muscle  of  the  carpus,  as  it  is  in  the  hind-limb  a  muscle  of  the 
tarsus.  In  spite  of  the  fact  that  many  reptiles  have  a  flexor 
perforatus  rising  from  the  carpus,  it  seems  probable  that  the 
origin  from  the  internal  condyle  is  the  more  primitive,  llie 
cumnionest  insertion  of  the  miiscle  is  into  the  middle  phalanges 
of  the  four  ulnar  digits ;  occasionally  there  is  a  tendon  for  the 
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poUex  also,  though  it  does  not  seenf  to  be  constant  for  any 
animal  or  group  of  animals.  After  that  to  the  poUex,  the 
minimus .  tendon  is  the  one  most  frequently  wanting,  but  on 
several  occasions  when  this  has  happened  I  have  found,  on 
.slitting  up  the  theca,  the  perforated  loop  of  the  tendon,  sur- 
rounding the  flexor  perforans,  and  having  its  usual  insertion, 
^although  there  was  no  tendon,  in  the  hand  and  forearm  to  this 
•digit.     This  arrangement  I  found  in  the  paca  (Ccelogenys),  rock 


Nl 


i^H: 


H^ 


<*'^ 


Tig.  7. — Human  Flexor  Sublimis  Digitorum.     (From  a  specimen  in  the  R.C.S. 
'  Museum),    a,  Ring  surrounding  flexor  profundus  tendon, 

kangaroo  (Petrogale),  and  other  animals.  Sometimes  the  muscle 
only  sends  tendons  to  two  digits;  this  was  noticed  in  the  bear, 
•otter,  badger,  etc.,  but  each  case  seems  to  have  been  an  excep- 
tional one.  In  the  rodents,  carnivores,  and  insectivores,  a  ring 
passes  from  the  sublimis  tendon  just  before  it  is  perforated,  and 
this  Burroimds  the  profundus  tendon,  which  then  perforates  the 
sublimis,  as  in  man.  There  is  a  specimen  of  a  human  flexor 
sublimis  tendon  in  the  museum  of  this  College,  which  shows  an 
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identical  ring  in  the  same  position  ;  it  is,  however,  only  feehly 
developed.  I  do  not  know  whether  this  is  an  occasional  atavistic 
structure  in  man.  or  whether  it  is  always  present,  and  only 
requires  careful  looking  for. 

In  the  three-toed  sloth  (Bradypiis)  the  flexor  sublimis  is 
absent  alt<^ther.  Sometimes  the  work  of  this  muscle  is  partly 
undertaken  by  one  which  rises  from  the  pisiform  bone  or  an- 
terior annular  ligament,  and  which  is  called  by  Mivart  and  Muiie 
the  tlexor  brevis  digitonun  manfts  (figs.  6  and  8) ;  it  is  best  seen  in 
Procavia  (Hyrax),  where  the  above-named  inveet^tors  foun<l  it- 


1   tills  Proeeedings  of 

passing  to  three  digits ;  I  have  often  found  the  muscle  in 
i-odenta  and  carnivores,  but  have  never  seen  it  going  to  more 
tlian  the  two  ulnar  digits.  As  a  rule,  the  tendon  of  the  flexor 
brevis  takes  the  place  of  that  of  the  flexor  sublimis  to  a  digit, 
but  this  is  not  always  the  case,  for  in  some  of  the  hystricomor- 
pbiue  rodents  the  two  tendons  coexist,  and  join  one  another  in 
the  theca  of  the  digit.  -  On  the  whole,  it  seems  to  me  probable 
that  the  flexor  brevis  digitonun  manfis  representa  some  of  the 
ulnar  libres  of  the  flexor  sublimis  which  have  acquired  an 
attachment  to  the  pisiform  bone  or  annular  ligament,  and  of 
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vhich  the  forearm  portion  has  been  suppreaaed.  The  resem- 
blance of  this  mnecle  to  the  llexor  brevis  digitorum  pedis  will 
be  evident  to  everyone.  The  accesBorj'  heads  of  the  human 
flexor  sublimis  are  only  found  in  monkeys.  In  the  cynomorpha, 
two  heads  often  come  from  the  internal  condyle ;  it  is  probable 
that  as  the  individual  use  of  the  digits  becomes  more  ImporUnt. 
the  lower  one  of  these  enlai^^  and  spreads  down  the  internal 


Fi«.  B.— FlMor   ProfniiduB  of  HedgehoK  (Erimutua  Earopanis).     a,  condylo- 
radialiB  ;  b,  condylo-nJaaria  ;  e,  coodylo-centralia  ;  d,  ulDsria  ;  e,  radulis. 

lateral  ligament  of  the  elbow  to  the  inner  side  of  the  coronoid 
process.  The  radial  head  from  the  oblique  line  is  only  toimd  in 
the  anthropomorpha. 

Flexor  profundus  digitorum. — Winrtle  has  given  by  far  the 
most  satisfactory  account  of  the  morphologj"  of  this  muscle  that 
I  know.  He  says  that  typically  it  is  made  up  of  five  portions, 
which  join  a  little  above  the  wrist.  These  are  named — (1)  radi<)- 
condylar ;   (2)  iihio-eondylar ;   (.^)  centro-condylar ;   (4>  radial  ; 
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(5)  ulnar.  Of  these,  the  radial  and  uhiar  are  the  most  constant, 
and  the  centro-condylar  least  frequently  seen ;  but  almost  any 
combination  may  occur.  There  is  an  insectivorous  animal  named 
Gymnura,  which  this  College  has  recently  given  me  the  oppor- 
tunity of  dissecting,  and  in  which,  from  the  very  generalised 
condition  of  its  muscles,  I  expected  to  find  all  five  parts  of  the 
iiexor  profimdus.  In  this  I  was  not  disappointed,  and  I  have 
since  found  that  its  near  relation,  the  hedgehog  (Erinaceus),  has 
the  same  arrangement  (fig.  9).  When  the  different  parts  of  the 
muscle  have  united,  which  occurs  in  the  lower  part  of  the  forearm, 
Keith  has  shown  that  each  digit  typically  receives  fibres  from 
the  radial  and  ulnar  portions,  though  in  many  cases  one  or  other 
of  these  may  be  suppressed.  In  man  the  radial  portion  of  the 
muscle  goes  entirely  to  the  poUex,  and  the  radio-condylar  is 
often  present  as  an  extra  origin  of  the  flexor  longus  pollicis, 
which  has  slipped  down  from  the  condyle  to  the  inner  side  of 
the  coronoid  process.  Macalister  looks  upon  it  as  the  remains 
of  an  obsolete  superficial  flexor  of  the  thumb,  but  I  find  it  hard 
to  agree  with  him,  because  I  have  records  of  a  cat,  two  bears,  a 
racoon,  and  a  coati,  in  which  the  flexor  sublimis  sent  a  slip  to 
the  thumb,  and  in  which  the  radio-condylar  head  of  the  flexor 
profundus  was  also  present.  The  ulno-condylar  head  is  occa- 
sionally seen  in  man,  and  rises  from  the  condyle  or  the  deep 
surface  of  the  flexor  sublimis.  During  the  winter  session  of 
1896-97,  there  was  in  the  dissecting-room  of  St  Thomas's 
Hospital  a  condylo-ulnaris  and  condyloH5entralis  in  the  same 
forearm,  the  latter  being  attached,  as  is  usual  in  mammals,  to 
the  flexor  profundus  close  to  tiie  wrist. 

Flexor  carpi  ulnaris, — ^This  is  a  very  constant  muscle  in 
mammals.  .  The  chief  point  of  interest  that  I  have  noticed  about 
it  is  its  tendency  in  certain  of  the  carnivora,  notably  the 
family  of  the  Canidse,  to  form  two  distinct  muscles,  condylo- 
pisiform  and  olecrano-pisiform,  both  of  which  are  supplied  by 
the  ulnar  nerve.  In  the  human  muscle  I  have,  on  several 
occasions,  noticed  that  two  twigs  are  given  off  by  the  ulnar 
nei-ve  to  the  flexor  carpi  ulnaris,  and  that  these  are  distributed 
to  the  condylar  and  olecranal  heads  of  the  muscle  respectively. 
This  arrangement,  if  it  be  at  all  constant,  I  should  regard  as  a 
relic  of  the  former  division  of  the  muscle  into  two  parts. 
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PronoLt'or  radii  teres, — The  superficial  head  is  the  only  part 
of  this  muscle  which  is  present  in  mammals  until  the  anthropoid 
.apes  are  rieached.  Keith  records  the  deep  or  coronoid  head  as 
being  present  in  all  the  recorded  cases  of  orangs,  in  90  per  cent, 
of  chimpanzees,  and  in  40  per  cent,  of  gorillas.  Macalister 
points  out  that  this  deep  head  is  probably  derived  from  some 

•  of  the  fibres  of  the  pronator  quadratus,  which  often  extends  for 
the  whole  length  of  the  radius  and  ulna.     The  insertion  is  vari- 

-  able,  but  seldom  extends  above  the  middle  of  the  radius,  though 
in  many  animals,  e.g,^  bears,  porcupines,  etc.,  it  reaches  the  lower 
end  of  the  bone.  In  ungulates  the  muscle  is  extremely  rudi- 
mentary, and  is  absent  altogether  in  the  horse.  Lesbres  has 
recently  pointed  out,  however,  that  it  occasionally  occurs  as  a 
vestigial  structure  in  that  animal. 

Supinator  longvs, — This  muscle,  as  has   been   mentioned,  iai 
probably  a  continuation  downward  of  the  brachialis  anticus  sheet,. 

.  and  the  two  muscles  are  always  separated  with  some  difficulty. 
One  of  the  commonest  variations  in  man  is  to  find  a  more, 
-extensive  origin  from  the  humerus  than  usual.  Testut  mentions 
the  otter,  the  eat,  the  two-toed  sloth,  and  the  wombat  as  animals 
in  which  the  muscle  rises  from  a  very  large  extent  of  the 
humerus.     I  can  confirm  his  statement  with  regard  to  the  otter 

.  and  cat ;  indeed  it  is  true  for  most  of  the  Felidae.  Tlie  insertion 
is  sometimes  in  man  continued  on  to  the  carpus:  this  I  have 
found  to  be  a  characteristic  of  the  jerboa  family  (Dipodidee), 
besides  occurring  in  some  kangaroos,  though  not  in  all.  Young 
has  also  noticed  it  in  the  koala  (Phascolarctus).  In  the  fruit 
bat  (Pteropus)  I  have  found  it  inserted  into  the  fascia  of  the  f ore- 

.  arm,  at  the  junction  of  the  upper  and  middle  thirds,  and  this* 
agrees  with  the  dissections  of  Hiunphry  and  of  Macalister. 
.  '  The  muscle  is  described  as  being  sometimes  double  in  man,  but 
I  have  never  been  fortunate  enough  to  see  it  either  in  him  or  in 
-any  lower  mammal.  In  the  cynomorphous  monkeys  the  muscle 
is,  as  a  rule,  better  developed  than  in  man,  and  Keith  mentions 
that  it  is  often  continued  on  to  the  external  lateral  ligament  of  the 
wrist :  this  he  regards  as  possibly  an  indication  that  the  muscle 
was  originally  a  flexor  of  the  poUicial  metacarpus.  The  supinator 
longus  is  sometimes  absent  in  man ;  it  is  also  absent  with  great 

•  constancy  in  many  groups  of  mammals.     This  is  the  case  in  all 
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the  insectivora,  in  the  Canidse,  and  Hyaenidae,  among  the  Carhi- 
Tora,  and  in  many  families  of  the  Rodentia. 

Supinator  h'evis. — In  all  mammals  below  the  Primates  the 
supinator  brevis  consists  of  only  one  layer  which  lies  entirely 
superficial  to  the  posterior  interosseous  nerve;  in  the  lemurs, 
however,  we  begin  to  find  another  layer  developed  deep  to  the 
nerve,  and  this  arrangement  persists  throughout  the  monkeys, 
apes,  and  man.  In  dissecting  the  forearm  of  a  racoon  {Procyon 
lotor)  I  was  struck  by  the  fact  that  the  highest  fibi^es  of  the 
extensor  ossis  metacarpi  pollicis  were  slightly  overlapped  by  the 
supinator  brevis,  and  extended  up  to  just  below  the  lesser  sigmoid 
cavity  of  the  ulna.  It  occurred  to  me  that  the  deep  layer  of  the 
supinator  brevis  was  possibly  derived  from  an  extension  upwai-d 
of  the  extensor  ossis  metacarpi  poUicis  plane  of  fibres,  which, 
instead  of  being  continued  down  to  the  thumb,  had  acquired 
a  secondary  attachment  to  the  radius.  In  the  lower  mammals 
the  supinator  brevis  is  a  vertical  narrow  bundle;  but  as  one 
ascends  in  the  scale  of  the  primates,  both  layers  become  moi-e 
and  more  broadened  out,  and  the  direction  of  their  fibres  more 
oblique.  Of  course,  in  the  case  of  the  supinator  brevis,  as  in 
that  of  the  pronator  radii  teres,  the  conclusion  which  we  came 
to  with  regard  to  the  coraco-brachialis  must  be  borne  in  mind : 
it  was  there  suggested  that  the  musculo-cutaneous  nerve  had,  so 
to  speak,  sunk  into  the  middle  part  of  the  muscle,  and  it  i» 
possible  that  in  the  same  way  the  median  nerve  might  liave 
passed  through  the  originally  single  pronator  radii  teres,  or  the 
posterior  interosseous  through  the  supinator  brevis.  The  supinator 
brevis,  however,  differs  from  the  coraco-brachialis  or  pyriformis 
of  man  in  that  we  can  see  some  transitional  stages  in  the  appear- 
ance of  the  deep  layer :  in  the  lemur,  for  instance,  it  is  very 
small,  and  quite  distinct  from  the  superficial  one,  rising  from  the 
orbicular  ligament,  and  being  inserted  into  the  neck  of  the  radius^ 
while  in  the  monkeys  and  apes  it  is  larger,  and  becomes  more- 
and  more  closely  united  with  the  superficial  layer. 
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Lecture  III. — Muhcles  ok  the  Hind-Limb. 

Edogluteus. — Tile  ectoglnteua  or  gluteus  maximiui  nf  iiiuii  ia  a 
muscle  BpecialiBed  for  adapting  the  botly  to  the  erect  poflition. 
In  most  other  animals  its  iliac  origin  is  nantiiig,  and  it  is  found 
as  a  thin  musculai'  plane,  rising  from  the  spinous  process  of  the 
sacral  and  anterior  caudal  vertebra:.  Its  anterior  fibres  are  in- 
serted into  fascia,  and  are  often  inseparable  from  those  of  the 
■   tensor   fasciie   femoris,  though  soinctinieH  there  mtiy  lie  a  con- 


Fio.  10. — Outer  side  of  thigh  of  Guiiica  piji,  {Cavia  aibaya).     a.  e<^t')gI^teu9 ; 

h,  tensor  bscisE  femona  ;  c,  urtorins ;  d,  caudo-femoralia  [Agila/^r  catHlie) ; 
e,  flexor  cnirie  latoratii  (biceps) ;  /,  semitendinoeiis. 

siderable  interval  between  these  two  muscles,  in  which  the  meso- 
gluteus  comes  to  the  surface.  The  posterior  fibres  are  attached 
to  more  or  less  of  the  shaft  of  the  femur,  and  are  continuous 
with  th(»e  of  the  ^tator  caudte  (caudo-femoralis)  when  that 
muscle  ia  present  (fig.  11) ;  when  it  is  altsent,  the  l>orderB  of  the 
ect(^luteuB  and  flexor  cniris  lateralis  (biceps)  are  in  contact. 
Gymnura,  which  serves  as  an  extremely  good  type  for  studying 
mammalian  myolc^,  shows  that  the  sartorius  (ilio-tibialis),  the 
tensor  fasciee  femoris,  the  ectc^Iuteus,  and  the  biceps  (flexor 
cruris  lateralis)  are*  all  in  one  plane,  and  near  their  origins  are 
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iiiseparalilt! :  it  further  shows  that  this  superficial  sheet  is 
supplied  by  brandies  from  the  aaterior  crural  ventrally,  then 
hy  twigs  emerging  from  the  great  sciatic  notch  ventral  to  the 
pyriformiB  (superior  gluteal  nerve  of  man),  then  by  twigs  emerg- 
ing dorsal  to  the  pyriformis  (inferior  gluteal  and  nerve  to  ttie 
hamstriugs).  The  ilio-tibialis  or  sartorial  part  of  this  sheet  iu 
<»ymnura  is  well  developed  and  reaches  the  tibia,  but  in  most 


r  Bide.       (From   ths 

rodents  and  nmny  carnivores  and  marmipials  it  euda  in  the  fascia 
on  the  extensor  surface  of  the  thigh.  In  the  closely  allied 
families  of  the  Cauidte  and  Hysenidse  among  tiie  camivors 
the  muBcle  is  always  double,  the  anterior  part  goiug  to  the 
patella,  the  posterior  to  the  tibia.  The  most  posterior'  fibres  of 
the  ectogluteuH,  those  coming  from  the  anterior  two  or  three 
caudal  vertebrie,  often  form  a  distinct  muscle,  the  ^tator  eaudfe. 
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•Wiudle  aud  I  have  suggested  caudo-femoralis  as  a  better  name, 
since  it  does  not  commit  ns  to  views  on  the  action  of  the  muscle. 
The  development  of  the  muscle  does  not  depend  on  the  size  of 
the  tail :  it  is  well  developed  in  the  guinea-pig,  for  instance  (fig. 
10),  and  absent  in  the  dog  (fig.  11).  In  the  Felidae  it  is  usually 
attached  by  tendon  to  the  side  of  the  patella,  but  in  most 
mammals  in  which  it  is  present  it  is  inserted  into  the  lower  part 
of  the  femur.  It  will  be  seen  that  this  muscle  forms  a  con- 
necting link  between  the  ectogluteus  and  the  fiexor  cruris 
lateralis  (biceps),  and  it  is  not  surprising  that,  where  it  is  not 
specially  looked  for,  it  is  often  described  as  part  of  one  of  these. 

Flexor  cruris  latercdis  {Biceps), — This  muscle  has  a  very 
constant  origin  from  the  tuber  ischii,  and  is  often  reinforced  by 
a  more  superficial  head  from  the  transverse  processes  of  some  of 
the  anterior  caudal  vertebrae.  The  usual  insertion  is  into  the 
fascia  on  the  outer  side  of  the  upper  two-thirds  or  so  of  the  leg 
(fig.  10).  .  The  animal  in  which  I  have  seen  it  most  fully  developed 
is  Gymnura :  here  it  is  inserted  into  the  lower  part  of  the  shaft 
of  the  femur,  into  the  outer  side  of  the  patella,  and  into  the  fascia 
of  the  outer  side  of  the  whole  length  of  the  leg.  In  many 
rodents  the.  cau^dal  and  ischial  parts  are  quite  separate ;  and  when 
this  is  the  case,  the  caudal  portion  is  inserted  into  the  patella 
and  the  ischial  into  the  fascia  of  the  leg :  it  is  probable  that  the 
caudal  portion  here  represents  an  agitator  caudae. 

In  many  carnivores,  insectivores,  and  kangaroos  the  lowest 
fibres  have  been  found  to  make  a  sort  of  sheath  for  the  tendo 
Achillis,  and  to  be  inserted  into  the  calcaneum  and  plantaris 
tendon ;  how  far  this  is  the.  case  in  other  animals  I  do  not  know. 
In  the  primates  the  caudal  head  disappears,  but  in  yoimg 
animals  part  of  the  origin  can  be  traced  into  the  great  sciatic 
ligament :  this  is  probably  a  remnant  of  the  caudal  head.  The 
fascial  insertion  in  the  lower  leg  is  well  marked  in  the  lemurs 
and  cynomorphous  monkeys,  but  in  the  anthropoids  it  is  chiefly 
confined  to  the  upper  part  of  the  leg,  and  attachments  to  the 
outer  tuberosity  of  the  tibia  and  head  of  the  fibula  become  more 
important.  The  short  or  femoral  head,  foreshadowed  in  certain 
edentates  (pangolin,  three-toed  sloth,  etc.),  is  found  in  the  New 
World  howling  and  spider  monkeys,  as  well  as  in  the  anthro- 
poids.    I  have  lately  looked  for  this  short  head  carefully  in  two 
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animulu  iu  which  I  expected  to  ftad  it :  one  was  the  great  ant- 
eater  {Myrmax^haga  jubata),  and  the  other  a  spider  monkey 
(Ateles),  As  far  as  I  know,  there  ie  qo  detailed  deecriptioa  of 
.the  luiiBcIes  of  the  hind-limb  of  the  former  animal,  and  I  there- 
fore feel  juetiiied  in  detaining  you  for  a  minute  or  two  to  con- 
sider the  arrangement  of  its  biceps  (fi^  12).  The  long  or  pelvic 
head  arjaes  as  usual  from  the  tuberosity  of  the  ischium,  and  is 
iiisf  i-ted  by  a  fastnal  tendon  into  the  upper  part  of  the  outer  side 


'Fio.  12. —Outer  aide  of  thigh  of  Great  Anteater  (^fyTmeeophaga  jnbata). 
a,  «atogluteiis ;  b,  vaatua  exUroua ;  c,  caudo-remoralu ;  d,  long  hext  of 
lioxor  crusis  latcralig  (bleep) ;  e,  short  head  af  flexor  cruris  lateralis 
(bicopB)  ;  /,  semi  tend  inosus  ;  g,  gastrocnemiua, 

<)f  the  leg,  but  there  is  no  insertion  into  the  patella,  as  is  so  often 
the  case  in  mammals.  The  short  or  femoral  head  rises  from  the 
surface  of  the  caudo-femoralis  or  agitator  caiulre,  and,  instead  rf 
joining  the  long  head,  passes  deep  to  it,  and  is  iiiserted  into  the 
gastrocnemim  about  the  middle  of  the  leg.  The  two  muscles 
thus  form  an  x .  In  Ateles  it  is  interesting  to  find  that  the 
arrangement  is  almost  identical :  the  short  head  rises  from  tiie 
femur  below  the  middle,  and  is  inserted  into  the  upper  part  of 
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the  shaft  of  the  fibula,  passing  deep  to  the  long  head,  and  forming 
the  same  x  -like  figure. 

Tenuissimtts. — In  a  generalised  manmial  such  as  a  carnivore 
or  insectivore,  a  long  riband-like  muscle  is  found  rising  from 
the  anterior  caudal  vertebrae,  and  passing  deep  to  the  flexor 
cruris  lateralis,  but  superficial  to  the  great  sciatic  nerve.  In 
the  lower  part  of  the  leg  it  joins  the  lowest  and  most  posterior 
fibres  of  the  last-named  muscle,  to  assist  it  in  forming  a  sheath 
for  the  tendo-Achillis.  •  It  is  sometimes  called  the  *  bicipiti 
accessorius,'  and  is  of  interest  because  it  may  be  represented  in 
man  by  a  slip  which  occasionally  passes  from  the  biceps  to  the 
gastrocnemius  or  tendo-Achillis.  The  muscle  is  best  seen  in 
the  carnivora  and  insectivora,  though  even  in  these  it  may  be 
partially  fused  or  suppi'essed.  In  the  ungulata  and  primates 
it  is  not  normally  present. 

Semimemh'anoms  and  Pr&-semimembra7iosi(s  (Ischio-supra- 
condyloideus). — It  has  long  been  understood  by  anatomists 
that  the  portion  of  the  human  adductor  magnus,  which  rises 
from  the  tuber  ischii,  and  which  is  inserted  into  the  adductor 
tubercle  above  the  internal  condyle  of  the  femur,  is  really  a 
portion  of  the  semimembranosus,  which  carries  its  original 
nerve  supply  to  its  new  locality.  After  examining  a  good 
many  animals,  I  believe  that  the  most  generalised  arrangement 
is  that  which  is  met  with  in  most  insectivores  and  carnivores : 
here  the  semimembranosus  and  pi-e-semimembranosus  form  a  single 
muscle  at  their  origin  from  the  tuber  ischii,  and  divide  above  the 
middle  of  the  thigh,  so  that  in  these  animals  it  would  be  more 
convenient  to  speak  of  the  mass  as  a  single  muscle  with  a  double 
insertion.  In  some  insectivores,  many  rodents,  and  most 
monkeys,  the  pre-semimembranosus  is  distinct  from  the  semi- 
membranosus in  its  whole  extent;  while  in  the  rat,  the 
porcupine,  and  a  few  other  rodents,  it  has  a  perfectly  separate 
origin  from  the  anterior  caudal  vertebrae.  In  three  specimens 
of  lemurs  which  I  have  examined  (fig.  14),  I  have  remarked  the 
complete  absence  of  all  trace  of  the  pre-semimembranosus,  and 
I  can  find  no  mention  of  the  muscle  in  Mivart  and  Murie's 
work  on  the  lemuroidea.  I  feel  sure  that,  hewi  it  been  present 
in  their  specimens,  they  would  have  figured  and  recorded  it, 
and  I  think  there  is  every  reason  to  believe  that  the  absence 


-  I 
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of  a  pre-senumembranoeuB  is  a  characteristic  of  lemun.  In 
kangaroos  and  moet  Bciuromorphine  rodents  the  muscle,  instead 
of  being  separate,  is  closely  blended  with  the  adductors  as  iu 
man.  It  is  interesting  to  not«  that,  according  to  Keith,  the- 
pre-eemimembranosuB  remains  a  separate  mnscle  in  the  gorilla 
and  chimpanzee,  but  in  the  orsng  it  tends  to  become  fused  with 


Tia.  13.— Thigh  oflUieiiua  tnonkej  (J/iteocuirAfmu).  a,  pTesemimembmioBiis  r 
b,  semimembranoBua  ;  c,  pcctineus  ;  d,  adductor  loDgDB  ;  «,  adductor  nugn us  ;, 
f,  obturator  nerve  ;  g,  fcmoral  artery  ;  h,  ilio-psoaa. 

the  adductor  mass  as  in  man.  The  insertion  of  the  semi- 
membranosuB  in  the  lower  maninials  is  much  lesB  complicated 
than  it  is  in  man :  the  ten<lon,  instead  of  being  chiefly  inserted 
into  the  back  of  the  internal  tuberosity  of  the  tibia,  pasBes  deep 
to  the  long  internal  lateral  ligament  of  the  knee,  and  is  inserted 
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into  the  antero-iateral  part  of  the  tuberoBity  (figs.  13  and  14).  In 
man  there  is  aa  expansion  from  the  main  insertion,  which  runs 
forward  deep  to  the  internal  lateral  ligament,  and  this  expansion 


Fio.  14.— Thiffli    of   Lemur  brunneus, 

c,  interuM  literal  ligumerit ;  d,  gracilis  ; 
g,  vastUB  iaternus. 


is  the  remai 


the  change 


.ns  of  the  original  ineertion.     The  new  insertion  in 
man  into  the  back  of  the  internal  tuberosity  is  the  result  of 


the  usual  position  of  the  knee  from  flexion  to 


VOL.  XXXn.  (S.3.  VOL.  XIL) 


3c 


744  PROFESSOR  F.  G.   PARSONS. 

.  extension.  The  other  expansions  of  the  semimembranosos 
tendon  to  the  posterior  ligament  of  the  knee  and  to  the 
popliteal  fascia,  which  are  so  well  seen  in  man,  are  only  found 
in  a  very  rudimentary  condition  in  the  higher  apes,  and  not  at 
all  in  other  mammals. 

Semitendiiumis. — This  is  a  very  constant  muscle  in  mammals : 
it  normally  has  one  head  of  origin  from  the  tuber  ischii,  and 
another  from  the  anterior  caudal  vertebrse.  These  two  heads 
unite  in  the  upper  part  of  the  thigh,  and  where  they  unite  there 
is  very  commonly  a  tendinous  intersection.  In  the  great 
anteater  {Myrmecophaga  jubata)  the  two  heads  remain  as 
distinct  muscles  to  their  insertion.  Neither  of  them  has  a 
tendinous  intersection. 

The  insertion  is  into  the  cnemial  crest  of  the  tibia,  just  below 
that  of  the  gracilis,  with  which  it  occasionally  blends,  especially 
in  lemurs  (fig.  14).  The  tendinous  intersection  often  marks  the 
union  of  the  two  heads  of  origin,  but  I  cannot  think  that  this  is 
sufficient  to  explain  its  existence,  since  a  tendinous  intersection 
is  not  always,  or  even  often,  formed  where  two  fleshy  heads  of  a 
muscle  join.  It  is,  on  the  other  hand,  difficult  to  believe  that 
the  intersection  is  of  the  same  morphological  value  as  those  in 
the  rectus  abdominis :  if  it  be  a  myocomma  it  is,  as  far  as  I 
know,  the  only  instance  of  such  a  thing  to  be  found  in  the 
extremities.  I  am  unable  to  understand  the  meaning  of  the 
structure,  and  can  only  bring  forward  evidence  as  to  its  frequent 
appearance  throughout  the  mammalia. 

Adductor  cruris  (Gracilis), — ^This  muscle  in  the  rodents  and 
insectivores  is  often  double,  though  this  is  never  the  case  in  the 
carnivores,  lemurs,  or  monkeys  (fig.  15).  When  it  is  double, 
the  anterior  part  rises  from  the  ilio-pectineal  line  and  anterior 
(cephalic)  portion  of  the  symphysis  pubis ;  it  is  inserted  into  the 
patella  and  ligamentum  patellse.  The  posterior  part,  or  gracilis 
accessorius,  as  it  is  sometimes  called,  rises  from  the  posterior 
(caudal)  part  of  the  symphysis  and  the  subpubic  ramus,  and  is 
inserted  into  the  cnemial  crest  of  the  tibia.  When  there  is  only 
a  single  muscle,  its  attachments  correspond  to  those  of  the  last 
described ;  and  I  would  therefore  suggest  that  the  anterior  of  the 
two  is  more  worthy  of  the  name  of  adductor  cruris  accessorius, 
or  gracilis  accessorius. 
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Tibialis  anttcus. — The  tibialis  anticus  is  uBiially  regarded  by 
anatomists  aa  the  serial  homologue  of  the  extensor  oeeis  meta- 
carpi  pollicia  of  the  anterior  extremity,  and  its  insertion  certainly 
leads  one  to  this  view :  comparative  anatomy,  however,  suggests 
that  the  muscle  may  originally  have  had  a  femoral  origin,  and 
that  the  proximal  part  of  it  may  correspond  to  the  radial  ex- 
tensors of  the  carpus.  In  some  of  the  ungulates,  e.(f.,  the  horse 
and  the  pig,  it  rises  from  the  front  of  the  lower  end  of  the 


Fro.  15. — Leg  of  Guine*  |>lg  (CftvU  cobaja).     a,  anUrior  gTMilU ;  b,  posterior 

femur.  I  have  found  the  same  origin  in  the  agouti  (Das'j- 
proda  cridata),  the  paca  (Ctelogenya  paca),  and  in  two  guinea- 
pigs  {Oavia  cobaya)  out  of  five  (fig.  16),  while  Mivart,  Beddard, 
Wiodle,  and  Manners  Smith  liave  also  found  it  in  other  animals 
beloi^Qg  to  the  rodent  families  of  Dasyproctidee  and  Caviidte. 

Testut  states  that  a  femoral  origin  has  been  found  once  or 
twice  in  man,  but  I  can  find  no  record  of  it  in  any  of  the 
other  primates. 

The   insertion   is   into   th?   enlocuneifomi   and   bass  of   the 
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Jii-8t  metatai-Eal  whenever  tliese  bones  are  present.  When  the 
first  metatarsal  is  suppressed  the  tendon  shifts  its  attachment 
ti>  tlie  second,  and  in  the  hoi-se  to  the  third.  In  most  monkeys 
Hnd  apes  the  tarsal  and  metatarsal  insertions  are  separate  in 
the  lower  part  of  the  leg  and  foot,  and  in  some  cases  form  two 
perfectly  distinct  muscles.  As  far  as  I  know,  this  arrangement 
is  only  found  among  the  primates. 

Bxtensor    lojufiis    digitorum. — ^Tlie     tj-pical    origin    of     this 
iiiuscle  in  mammals  is  by  a  tendon  from  the  front  of  the  outer 


c,  exteusor  loogui  digitorum  ;  d,  pcrontus 

condyle  of  the  feumr  (fig.  16),  and  its  insertion  is,  as  iu  man,  into 
the  middle  and  distal  phalanges  of  the  four  outer  toes  when  they 
are  present.  This  description  applies  t«  the  rodents,  carnivores, 
iusectivores,  ungulates,  some  edentates,  and  many  bata  In 
monotremes  and  marsupials  the  origin  is  usually  from  the 
fibula,  but  I  have  dissected  two  kangaroos  in  which,  although 
the  muscle  rose  chiefly  from  the  fibula,  a  delicate  ligamentous 
origin  could  be  traced  up  to  the  external  condyle  of  the  femur. 
My  present  knowledge  makes  me  regard  carnivores,  insectivores. 
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and  rodents  as  furnishing  better  clues  to  the  primitive  arrange- 
ments of  muscles  than  either  marsupials  or  monotremes.  In 
many  edentates  and  bats,  and  in  all  the  primates,  the  muscle 
has  only  a  fibular  origin.  I  am  totally  unable  to  suggest  any 
similarity  in  the  use  of  the  hind-limbs  of  monotremes,  mar- 
supials, edentates,  lemurs,  monkeys,  and  man  that  could  account 
for  the  slipping  down  of  the  origin  of  this  muscle  from  the 
femur  to  the  fibula. 

Peroneus  tertuis. — This  is  always  regarded  as  an  essentially 
human  muscle,  though  it  occasionally  appears  in  the  anthropoid 
apes.  In  a  three-toed  sloth  {Bradypus  tridactylus)  I  found  that 
the  extensor  longus  digitorum,  instead  of  going  to  the  toes,  was 
inserted  into  the  bases  of  the  inner  and  outer  of  the  three  meta- 
tarsal bones :  the  outer  of  these  insertions  would  be  practically 
homologous  with  the  peroneus  tertius  of  man.  It  is  very  well 
known  that  in  man  a  slender  tendon  often  runs  forwards  from 
the  insertion  of  the  peroneus  tertius  to  join  the  extensor  tendon 
of  the  fifth  toe  on  the  dorsum  of  the  proximal  phalanx:  this 
slip  is  usually  regarded  as  a  remnant  of  the  peroneus  quinti 
digiti,  with  which  it  accurately  agrees  in  position.  It  is,  how- 
ever, just  as  likely  that  it  represents  part  of  the  extensor  longus 
digitorum  to  the  fifth  toe,  running  forward  from  the  point  where 
that  muscle  acquires  an  attachment,  to  the  base  of  the  fifth  meta- 
tarsal bone. 

Peroneus  longus, — This  muscle  always  arises  from  the  head 
and  upper  part  of  the  shaft  of  the  fibula,  as  well  as  often  from 
the  external  tuberosity  of  the  tibia  and  the  external  lateral 
ligament  of  the  knee.  In  some  animals,  cg.^  hyaena,  coati, 
badger,  and  mole,  it  is  said  to  take  origin  from  the  external 
condyle  of  the  femur,  though  it  certainly  did  not  do  so  in  the 
hyaena,  coati,  or  mole  which  I  examined ;  indeed,  I  have  never 
seen  this  muscle  rising  from  the  femur,  though  I  have  often 
done  so  from  the  external  lateral  ligament :  such  good  observers, 
however,  have  described  a  femoral  origin  that  I  cannot  doubt 
its  occasional  occurrence.  In  the  carnivora,  insectivora,  and 
rodents  the  tendon  passes  through  a  separate  groove,  not  behind 
but  on  the  outer  side  of  the  external  malleolus;  it  then  runs 
across  the  sole,  to  be  inserted  into  the  base  of  the  innermost 
metatarsal  bone,  and  often  the  internal  cuneiform.     In  the  liter- 
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ature  of  this  muscle  it  is  very  common  to  find  records  of  its 
partial  or  complete  insertion  into  the  cuboid  or  outer  meta- 
tarsals: it  should  be  borne  in  mind,  however,  that  it  is  quite 
easy  to  mistake  the  attachments  of  the  sheath  of  the  tendon 
for  those  of  the  tendon  itself. 

Fercmeifs  brevis, — The  peroneus  brevis  is  a  verj"  constant 
muscle  in  rodents,  carnivores,  inaectivores,  and  primates.  It 
always  arises  from  the  fibula  below  the  origin  of  the  peroneus 
longus,  and  is  inserted  into  the  base  of  the  fifth  metatarsal  boue 
(fig.  17).  It  occupies  a  groove  behind  the  external  malleolus,  in 
common  with  the  peroneals  of  the  fourth  and  fifth  digits.  In  the 
pig  the  muscle  is  said  to  be  inserted  into  the  second  phalanx  of  the 
fourth  toe,  while  in  the  horse  it  is  described  as  the  only  peroneal 
present,  and  joins  the  common  extensor  tendon  on  the  dorsum 
of  the  foot.  In  some  of  the  more  specialised  hystricomorphine 
rodents,  such  as  the  agouti  (Dasyprocta)  and  the  Patagonian  cava 
( Dolichotis),  in  which  the  fifth  toe  is  suppressed,  the  muscle  is 
wanting. 

PerovjCiis  quarti  digiti. — This  muscle  in  the  more  generalised 
orders  (rodents,  insectivores,  carnivores,  and  primates)  arises  from 
the  fibula  a  little  lower  than  the  origin  of  the  peroneus  breads 
(fig.  17);  it  passes  through  the  same  groove  behind  the  external 
malleolus,  lying  on  the  inner  (mesial)  side  of  that  tendon.  Its 
insertion  is  into  the  extensor  tendon  on  the  fourth  toe.  Among 
tlie  above-mentioned  four  orders  the  muscle  is  only  absent,  as  far 
as  I  know,  in  the  tree  porcupines  (Sphingurus  and  Erethizon)  and 
the  higher  primates.  It  is  always  present  in  lemurs,  occasionally 
in  cynomorphous  monkeys,  rarely  in  anthropomorphous  monkeys, 
and  never  in  man. 

Feroneus  quiTiti  digiti. — When  all  four  of  the  true  peroneals 
are  present,  and  among  these  the  peroneus  tertius  is  not  included, 
the  peroneus  quinti  digiti  rises  from  the  fibula,  rather  above  the 
origin  of  the  peroneus  brevis.  It  passes  through  the  same  groove 
as  the  brevis,  behind  the  external  malleolus,  and  lying  on  the  outer 
tide  of  that  tendon  (fig.  17).  In  the  foot  it  joins  the  slip  from  the 
extensor  communis  to  the  fifth  toe.  The  peroneus  quinti  digiti 
is  present  in  most  animals  which  have  a  fifth  toe ;  it  is  absent  iu 
a  few  hystricomorphine  rodents,  in  most  ungulates  except  the 
pig,  and  in  the  higher  primates.     With  regard  to  the  primates. 
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the  muscle  is  always  present  m  the  cynomorpha,  while  in  the 
anthropomorpha  it  is  fairly  often  seen  as  a  slip  from  the 
peroneus  brevis  teudon :  this  is  the  condition  in  which  it  is  often 
found  in  man  (58  per  cent. — Gruber),  and  I  cannot  help  believing 


Fio.  17, — Leg  of  Lemur  branneiu.  a,  peronens  brs»ia;  h,  psroneiiB  quinti 
digiti ;  e,  peroneus  quarti  digiti  i  rf,  peroneus  loogas ;  «,  extensor  brevU 
digiUrum ;  /,  rotator  fibulw. 

that  when,  in  man,  a  slip  from  the  peroneus  brevis  passes  to  the 
dorsum  of  the  fifth  toe,  that  slip  represents  the  distal  part  o£  a 
peroneus  quinti  digiti,  but  when  a  slip  passes  from  the  peroneus 
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tertiuB  to  the  dorsum  of  the  fifth  toe,  it  repreBentB  tlie  distal  part 
of  some  of  the  extensor  longus  digitorum,  the  proximal  part  of 
which  is  the  peroneua  tertiiis. 

Gagtrocttemim. — It  is  very  well  known  that  in  man  the  outer 
head  of  the  gastrocnemius  arises  from  the  outer  side  of  the  external 
condyle,  while  the  inner  comes  from  the  upper  and  back  part 
of  the  internal  condyle ;  this  amuigemeut  holds  good  for  most 


Fio.  13. — Ten  do -Acliillb  of  Bearer  (Coflor  eattailtnm), 

mammals,  and  is  especially  accentuated  in  those  which  progresf 
by  leaping;  for  instance,  in  both  the  kangaroos  (Macropus  and 
I'etrogale)  and  the  Cape  jumping  hare  {Fedeies  cafer)  the 
external  head  has  an  origin  from  the  outer  side  of  tlie  patella. 
Fubellie  are  present  in  the  heads  of  the  gastrocnemius  in  most 
mammals  with  functional  hind-limba,  except,  perhaps,  the  lui- 
gulata ;  the  outer  one  is  always  the  best  developed,  while  the 
inner  one  is  often  found  in  adult  or  old  animals.  In  the 
Collective  Investigation  Beport  of  the  Anatomical  Society  for 
1897,  it  was  found  that  sesamoid  bodies  (fabellte)  of  som« 
structure  occurred  in  about  28  per  cent,  of  outer  heads  of  the 
human  gastrocnemius,  and  in  about  13  per  cent,  of  inner  heads, 
niey  are  occasionally  ossified  in  the  outer  head,  but  very  rarely 
in  the  inner.     Some  time  ago  I  pointed  out  in  the  Jottitutl  o/ 
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Anatomy '  that  the  compouent  parte  of  the  tea<Io-Achillis,  even  iii 
man,  were  twisted  in  a  rope-like  manner,  and  that  the  fibres  of 
the  inner  head  passed  superficial  to  those  of  the  outer,  and 
eventually  gained  the  outer  side.  This  arrangement  can  be  very 
well  seen  in  the  beaver  (Castor  Canademis),  in  which  animal  the 
two  heads  remain  distinct  as  far  as  their  ineertion  (fig.  18). 
Further  experience  convinces  nie  that  the  arrangement  is  very 
general  througliout  the  mammalia,  though  I  do  not  know  of  any 
satisfactory  explanation  of  it  (fig.  19). 


Fig.  is.— Tendo-AchiUb  of  Buddy  Icbncumoo  (HcrptsUt  imithi). 

Soleus. — The  typical  mammalian  arrangement  is  for  this  muscle 

to  rise  from  the  back  of  the  head  of  the  fibula,  and  to  be  inserted 

into  the  inner  part  of  the  tendo-Achillis.     Sometimes,  as  in  the 

mole,  it  has  a  small  origin  from  the  tibia,  but  as  a  rule  no 

'  Vol.  Mviii.,  p.  (14. 
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important  tibial  attachment  oocars  mitil  the  hi^ier  primates 
are  reached.  In  many  kangaroos,  as  well  as  the  families  of  the 
Hysenidffi  and  Canidse  and  the  otter  among  the  camivora,  the 
muscle  is  wanting.  In  the  ungulata  it  is  extremely  radimentaiy, 
while  in  the  pig  it  is  said  to  be  absent  by  Meckel,  though 
Lesbres  thinks  that  it  has  shifted  its  origin  to  the  femur,  and 
has  become  fused  with  the  external  head  of  the  gastrocnemius. 
In  the  lemurs  and  cynomorphine  monkeys  the  muscle  has  the 
typical  mammalian  arrangement,  but  in  the  anthropomorpha 
origins  from  the  tibia  are  frequently  found  foreshadowing  the 
extensive  tibial  origin  in  man.  This  powerful  tibial  attach- 
ment is,  I  think  rightly,  looked  upon  as  one  of  the  most  impor- 
tant muscular  changes  brought  about  by  the  upright  position. 

Planiaris. — Just  as  the  soleus  is  in  a  progi'essive  condition  in 
man,  so  the  plantaris  is  retrogressive.  In  almost  every  mammal 
it  is  found  as  a  large  muscle  arising  from  the  back  of  the  external 
condyle,  and  winding  round  the  inner  side  of  the  tendo-Achillis 
to  reach  the  superficial  aspect;  it  then  passes  round  the  pro- 
jection of  the  heel,  and  instead  of  being  inserted  into  the  cal- 
caneum  as  in  man,  is  continued  into  the  sole,  and  di\dd(BS  into 
two  layers,  the  superficial  of  which  is  the  plantar  fascia,  and  the 
deep  the  flexor  brevis  digitorum.  The  plantar  fascia  can  be 
traced  to  the  proximal  phalanges  of  the  toes,  the  flexor  brevis  to 
the  middle  phalanges,  and  it  would  thus  seem  that  in  mammals 
the  plantaris  is  a  flexor  of  both  these  sets  of  bones ;  there  is» 
however,  good  reason  for  thinking  that  the  flexor  brevis  digitorum 
is  really  a  continuation  of  the  soleus  which  has  lost  its  connec- 
tion with  that  tendon,  and  acquired  a  new  one  with  the  plan- 
taris on  account  of  the  hyperextension  of  the  ankle  joint,  and 
the  marked  prominence  of  the  tuber  calcis.  As  we  approach 
the  higher  mammals,  we  find  that  the  cheiroptera  are  remarkable 
for  the  absence  of  the  plantaris,  but  in  lemurs  the  typical  mam- 
malian arrangement  exists.  Keith  points  out  that  this  is  also 
the  case  in  the  cynomorphous  monkeys,  but  in  the  Anthro- 
pomorpha the  muscle  is  rarely  seen  in  gorillas,  orangs,  and 
gibbons ;  it  is  present,  however,  in  about  75  per  cent,  of  chim- 
panzees. In  man  the  plantaris  is  present  in  about  90  per 
cent.,  according  to  the  Anatomical  Society's  Collective  Eeport 
for  1894. 


A  NOTE  ON  HEREDITARY  STIFFNESS  OF  THE  META- 
CARPO- PHALANGEAL  JOINT  OF  THE  THUMB. 
By  J.  H.  F.  WiLGRESS,  Selwyn  College,  Cambridge. 

"Shis  abnormality  consists  in  the  complete  absence  of  all  volun- 
tary movement  of  the  joint  in  question:  the  phalanx  could, 
however,  be  forcibly  flexed  to  a  small  extent,  through  an  angle 
of  not  more  than  10°,  the  normal  angle  of  flexion  being  50"  to 
68"*.  The  extensor  tendons  in  both  hands  of  all  the  individuals 
referred  to  who  were  examined,  were  found  to  be  present. 

The  peculiarity  was  observed  in  the  individuals  of  three 
generations,  but  the  fact  that  it  was  present  in  two  different 
branches  of  the  same  family  tended  to  show  that  it  had  pos- 
sibly descended  through  five  generations  at  least,  as  the  common 
ancestor  of  the  two  branches  was  separated  from  the  youngest 
member  who  had  the  abnormality  by  three  generations.  A.  had 
two  sons,  B.  and  W.  B.  and  W.  had  sons  C.  and  X. ;  the  meta- 
carpo-phalangeal  joint  of  the  thumbs  of  C.  were  stiff.  C.  had 
seven  children,  of  whom  two  males  and  two  females  had  the 
abnormality  in  both,  hands.  X.  had  a  son  Y. ;  Y.  had  a  son  Z. 
both  Y.  and  Z.  had  the  abnormality  in  each  hand. 


B. 


a. 
C.  I 


A. 

I 


W 


X. 


a?,  a<$,  a9,  a(5. 


a. 
Y. 


a. 
Z. 


a.  denotes  those  members  who  had  the  abnormality. 

The  hands  of  A.,  B.,  W.,  X.  were  not  available  for  examination. 


ON  SOME  SKULLS  FROM  CEYLON.    By  Edred  Cornkk, 
M.B.,  B.Sc,  Sidney  Sussex  College,  Cambridga 

Through  the  kindness  of  Dr  Eockwood  I  received  six  skulls 
from  Colombo,  Ceylon :  two  of  these  were  Tamils,  two  Singha- 
lese, and  the  others  Moor.^  Besides  these,  I  have  measured  ontf 
Singhalese  and  a  Veddah  skull  which  are  in  the  Cambridge 
Museum. 

The  Tamils  and  Singhalese  have  been  carefully  studied  by  the 
brothers  Sarasin  (19),  but  they  had  described  no  specimen  of 
the  Moors.  On  consulting  the  literature,  I  have  been  unable  to 
find  any  description  of  the  crania  of  the  last.  Tennent  (8),  vol.  i 
p.  605,  says:  "The  most  remarkable  of  the  many  tribes  which 
inhabit  Ceylon  are  the  Mahommedans,  or  as  they  are  generally 
called,  Moormen.  They  are  found  on  all  parts  of  the  coast,  and 
their  origin,  arrival,  etc.,  are  amongst  the  historical  mysteries  of 
Ceylon."  He  says  that  these  Arabs  were  at  Ceylon  before  the 
Portuguese  arrived,  and  from  them  the  Moors  have  descended. 
The  Singhalese  name — marak  kala  minisu — means  mariners,  and 
refers  probably  to  their  origin.  Swamy  (14)  mentions  the  Moors 
as  part  of  the  Asiatic  population  of  Ceylon,  and  says  that  they  are 
the  small  traders  and  shopkeepers  of  the  island. 

Bamathan  (20)  has  an  interesting  paper  on  the  ethnology  of 
the  Moors.  Quoting  the  census  of  1881,  he  shows  that  they 
form  an  enormous  proportion  of  the  Mahommedan  populatioiL 
By  the  language  of  the  law  courts  they  are  divided  into  two 
sections, — the  first,  or  Ceylon  Moormen,  who  were  the  earlier 
arrivals ;  the  second,  or  Coast  Moormen,  came  later  by  boat  from 
India.  He  says  they  are  nearly  all  Tamil-speaking  Moham- 
medans. They  resemble  the  Tamil  in  physique,  speak  the  Tamil 
language,  have  no  craniological  distinction  from  them  (criticising 
Virchow),  and  their  history  derives  them  from  the  Tamil 

Bawa  (21),  in  the  same  Journal,  gives  an  interesting  accouut 

^  These  skulls  are  now  in  the  Cambridge  Museum. 
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of  their  marriage  ceremonies.  Sarasin  (19)  gives  an  account  of 
the  external  characters  of  the  Moors,  which  diflfer  little  from 
those  of  the  Tamil.  He  thinks  that  they  have  originated  from 
the  Arabs.  Eisley  (32)  gives  the  cranial  and  other  measure- 
ments of  twenty-two  living  Moors,  and  contrasts  them  with 
those  of  56  Tamil  and  56  Singhalese. 

As  regards  the  relations  of  the  Tamil  and  the  Singhalese,  the 
Sarasins  regard  the  Tamil  as  being- nearer  the  Veddahs  than  the 
Singhalese  are.  The  last,  they  think,  have  more  Aryan  blood  iii 
them  than  the  Tamil,  and  this  constitutes  the  great  difference 
'tetween  them.  Wevill  (31),  p.  38,  gives  the  divisions  of  the 
Tamil,  Singhalese,  and  Veddah  into  their  ethnic  portions.  Both 
Virchow  (18)  and  Eisley  (32)  give  some  measurements  taken  on 
the  living  subjects. 

'    The  following  is  a  description  of  the  skulls  now  in  the  Cam- 
bridge Museum : — 

1.  Singhalese.  Puuchi  Appoo,  from  Waharampitiya ;  male; 
age  40.  A  moderate-sized,  phsenozygous,  and  symmetrical 
cranium,  with  two  supralambdoid  wormian  bones,  also  acces- 
sory bones  in  the  lambdoid  suture,  a  left  epipteric  bone,  and  small 

'  ossicles  in  the  coronal  suture.  The  forehead  is  somewhat  reced- 
ing, and  there  is  a  slight  metopic  ridge  present.  The  groove 
for  the  middle  and  temporal  artery  is  well  marked  on  both  sides. 
The  palate  is  deep,  the  paramastoid  processes  large,  and  the 
glenoid  cavity  more  than  ordinarily  sunken.  When  looked  at 
in  norma  occipitalis,  there  is  some  indication  of  symmetrical 
flattening  just  above  the  asterion,  which  is  well  seen  in  the 
Veddah  skull. 
.    In  the  lower  jaw  the  genial  tubercles  are  large. 

2.  Punchi  Mona,  from  Waharampitya ;  female  ;  age  35.  This  is 
probably  younger  than  the  age  given,  as  the  last  molar  tooth  on 
both  sides  is  not  fully  developed.  It  is  symmetrical  and  phaeno- 
zygous,  with  simple  sutures,  and  a  wormian  bone  present  in  the 
lambdoid  suture.  The  groove  for  the  deep  temporal  artery 
begins  in  front  of  the  external  auditory  meatus,  and  not,  as  in 
the  preceding  specimen,  somewhat  behind  it.  A  slight  depres- 
sion exists  above  the  lambda,  and  also  behind  the  coronal  suture. 
The  left  infraorbital  foramen  is  double.  The  palate  is  highly 
arched. 
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3.  A  male  skull,  No.  1197  in  the  Cambridge  CoUeckon. 

The  contour  is  symmetrical,  and  it  is  phsenozygous.  The 
sutures  are  simple,  with  some  synostosis  about  the  obeliou  and 
below  the  stephauion.  The  sagittal  suture  is  slightly  raised  on 
a  ridge,  and  the  parietal  eminences  are  prominent.  Behind  the 
coronal  suture  is  a  depression.  There  is  a  large  patch  of  carious 
bone  on  the  frontal.  The  muscular  markings  are  large  and 
rough,  and  the  external  occipital  protuberance  is  very  prominent. 
Ossification  of  the  pterygospinous  ligament  has  taken  place,  and 
the  plate  of  bone  thus  formed  is  pierced  by  several  foramina. 
The  palate  is  deep,  as  in  the  other  Singhalese  skulls.  The  groove' 
for  the  middle  temporal  artery  begins  just  above  the  meatal 
spine,  which  is  large,  and  proceeding  upwards  and  backwards, 
ends  in  several  branches  near  the  inferior  temporal  line. 

On  the  right  side  the  zygomatic  suture  ia  obliterated,  and  on 
the  left  only  the  upper  part  is  synostosed.  Wormian  bones  are 
present  in  the  lambdoid  suture. 

4.  Tamil,  named  Weenappan,  from  Eingenada;  male;  age  37. 
A  symmetrical  and  phaenozygous  skull,  with  simple  sutures,  and 
a  wormian  bone  in  the  lambdoid  suture.  On  the  under  surface 
of  the  petrous  bone,  and  just  anterior  to  the  entrance  of  the 
carotid  canal,  is  a  large  process.  This  seems  to  be  correlated 
with  smallness  of  the  spine  of  the  sphenoid.  The  glenoid  cavity 
is  deep,  as  is  also  the  palate.  A  slight  post  coronal  depression 
is  present.  Three  well-marked  foramina  are  seen  on  the  molar 
bones.  In  the  upper  and  posterior  part  of  the  bony  ring  of  tbe 
external  auditory  meatus  is  seen  a  large  meatal  spine. 

5.  Tamil,  named  Muttanuna,  from  Palamcotta ;  age  40 ;  female. 
The  surface  of  the  bones  is  rough ;  the  sutures,  which  are  simple, 
with  wormian  bones  in  the  lambdoid,  are  placed  on  ridges.  As 
in  the  preceding  specimen,  it  is  symmetrical,  and  just  phae^no- 
zygous.  A  ridge  marks  the  place  of  the  metopic  suture.  The 
groove  for  the  deep  temporal  artery  begins  just  above  the  right 
meatal  spine,  which  is  especially  large :  on  the  left  side  it  begins 
in  front  of  the  external  auditory  meatus,  aud  is  shorter.  A 
very  large  fossa  exists  over  the  posterior  condylar  foramen. 
The  palate  is  high. 

At  the  lower  part  and  on  either  side  of  the  symphysis  menti 
is  a  sharp  bony  process.   The  meatal  foramina  are  large.    Ossifies* 
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tion  has  evidently  extended  into  the  tendons  attached  to  the 
genial  tubercles,  as  these  are  enormously  enlarged. 

6.  A  Moorman  named  Sacthan,  from  Colombo;  male;  age  48. 
A  symmetrical  phcenozygous  skull,  with  simple  sutures,  and  a 

wormian  bone  in  the  lambdoid  suture  near  the  right  asterion,  and 
with  a  rough  surface.  The  groove  for  the  deep  temporal  artery 
is  extremely  well  marked,  and  extends  from  the  meatal  spine 
upwards  and  backwards  as  far  as  the  inferior  temporal  line, 
where  it  ends  in  many  branches,  most  of  which  run  forwards. 
The  temporal  lines  show  a  very  considerable  post-stephanic  rise, 
the  shortest  distance  (chord)  between  the  two  superior  temporal 
lines  being  55  mm.  {Jour.  Anat.  and  Phys,^  vol.  xxx.  p.  382). 
The  paramastoid  ridge  is  especially  large  on  the  right  side,  as 
is  also  the  superior  curved  line  of  the  occipital  bone. 

7.  A  Moorman  named  Abdulla,  from  Slave  Island;  male;  age  42. 
A  large  symmetrical,  phsenozygous  skull,  the  sutures  of  which 

are  fairly  simple  and  tend  to  bo  situated  on  ridges,  especially 
the  coronal.  Accessory  bones  are  present  in  the  lambdoid 
suture.  Slight  synostosis  has  occurred  near  the  obelion.  On  the 
parietal  (left)  and  frontal  bone  are  three  or  four  areas  of  super- 
ficial necrosi&  Slight  flattening  is  seen  just  above  the  lambda. 
On  the  lower  jaws  of  both  these  specimens  the  genial  tubercles 
are  especially  larga 

8.  Veddah,  No.  1196;  male;  age  about  22 ;  probably  female. 
The  skull  is  smooth,  small,  symmetrical,  and  phsenozygoua, 

with  very  simple  sutures.  A  large  number  of  accessory  bones 
are  present,  viz.,  two  supralambdoid,  one  lambdoid,  and  epipteric 
bones  on  both  sides.  Depressions  exist  above  the  lambda  and 
behind  the  coronal  suture.  A  metopic  ridge  is  present  The 
palate  is  not  so  deep  as  in  the  other  skulls ;  no  prenasal  fossae 
are  present.  Both  deep  temporal  grooves  are  small.  In  the 
left  orbit  there  is  a  trochlear  spine. 

The  alveolar  processes  of  the  upper  jaws  are  very  short, 
tlie  depth  measuring  only  12  mm.  The  following  table  shows 
the  same  measurements  in  the  other  specimens : — 

Singhalese, 20,  21,  21*5  mm. 

Tamil, 24,  28  mm. 

Moor 22,  16  mm. 

Yeddah, 12  mm. 
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On  examining  the  skull  in  norma  occipitalis  it  will  be  noticed 
that  the  greatest  breadth  is  between  the  parietal  eminences. 
Behind  the  asterion  is  a  marked  depression,  making  the  occiput 
somewhat  buUate;  this  depression  is  continued  forward  above 
the  asterion,  so  causing  the  diameter  here  to  be  less  than  the 
biparietal  or  bimastoid.  This  gives  a  peculiar  appearance  to 
the  skull  when  seen  from  behind. 

Bimastoid, 118  mm. 

Biparietal, 123  mm. 

Breadth  at  depression, 112  mm. 

The  nasal  opening  in  the  Veddah  skull  is  oxjcraspedote^" 
bounded  by  the  sharp  lines  of  the  lateral  margin  and  the  para- 
septal  line,  which  were  confluent.    The  nasal  spine  was  broken. 

Two  of  the  Singhalese  exhibited  the  fcetal  amblycraspedote 
condition,  where  the  lateral  margins  and  paraseptal  lines  do  not 
meet,  giving  a  rounded  border.  The  other  was  bothrocraspedote, 
with  a  prominent  anterior  dental  ridge.  All  these  were  oxy- 
acauthic. 

Of  the  Tamils,  one  was  amblycraspedote  and  oxyacanthic,  and 
the  other  bothrocraspedote  and  lophacanthic,  the  nasal  spine 
projecting  but  little.  The  Moors  were  both  amblycraspedote  and 
oxyacanthic.  These  results  entirely  bear  out  Prof.  Macalister's 
statement  of  the  relations  of  these  conditions  with  orthognathism 
and  microdontism. 

.  These  crania  present  a  few  anatomical  points  de8er\'iug  of 
special  note.  In  a  Tamil  skull  a  process  has  developed  froiu 
the  petrous  bone  that  apparently  replaces  the  very  small 
sphenoid  spine.  One  Singhalese  skull  shows  the  ossification  of 
the  pterygospinous  ligament.  Prof.  Charles  (Jour.  Anat.^  xxvi. 
p.  1  and  xxvii.  p.  5)  noticed  that  supplementary  bones  occurred 
in  64  per  cent,  of  Indian  crania,  and  I  found  them  in  70  per 
cent,  of  a  series  of  crania  from  the  N.W.  Provinces  of  India 
(Proc.  of  the  Camb.  Phil,  Soc.,  vol.  viii.,  pt.  v.,  p.  287).  In  the 
eight  skulls  now  examined  they  are  present  in  every  one. 
Another  noteworthy  point  is  the  very  large  genial  tubercles 
found  in  the  lower  jaws. 

The  following  tables  show  the  relations  of  the  average  indices 
obtained  from  the  Iiteratui*e  and  those  obtained  from  the  skulls 
that  form  the  subject  of  this  paper : — 
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Singhalese, 

Number. 

Cap. 

Cephalic. 

Vertical.  Gnathic. 

NaHAl. 

Orbital. 

Author. 

9 

1345 

72-5 

73-9          99-2 

60-6 

837 

Sarasin. 

3 

1249 

71-3 

73-4          96-3 

Tamil, 

54  9 

817 

E.C. 

13 

1836 

70-8 

73-6         98 

52-5 

867 

Sarasin. 

2 

1210 

73  1 

73-5          967 

Moor, 

64-1 

827 

E.C. 

2 

1399 

73-9 

777          93-9 

541 

82 

E.C. 

In  the  living  subject,  both  Eisley's  and  Virchow's  results  are 
given  in  the  following  table : — 


Cephalic. 

Nasal. 

Nasomalar. 

Author. 

Singhalese — 4  males, . 

78-3 

•  •  • 

•  •  • 

Virchow. 

2  females, 

81-0 

•  ■  • 

•  •  • 

»i 

Both  together, 

79-2 

•  •  • 

•  •  • 

56  males. 

78-3 

827 

1130 

Risley. 

Tamil —        66  males, 

777 

83-6 

111-4 

1* 

Moor —         22  males, 

79-1 

807 

111-6 

>i 

It  will  be  seen  that  the  indices  of  all  three  varieties  of  skull, 
both  in  the  Sarasins  and  my  series,  agree  closely.  Again,  the 
results  of  Eisley  and  Virchow's  measurements  show  that  there 
is  little  difference  to  be  found  in  their  measurements  in  the 
living. 

If  these  crania  are  deBned  in  series  of  their  indices,  they  are 
all  dolichocephalic  and  metriocephalic  (except  one  Moor,  which 
is  just  akrocephalic).  Sarasin  makes  the  Tamil  and  Singhalese 
mesognathous ;  but  all  in  this  series  are  orthognathous  except 
one  Tamil,  which  is  mesognathous.  Similarly,  Sarasin'o  series 
are  raesorhiue,  and  this  is  just  platyrhine.  All  are  microseme 
except  one  Tamil,  which  is  mesoseme.  In  respect  of  capacity, 
both  the  Tamil  and  Singhalese  are  microcephalic,  the  former 
being  slightly  the  smaller.  The  Moors  are  mesocephalic,  but 
one  was  macrocephalic  (1523  c.c).     All  are  dolichuranic. 

With  regard  to  the  nasomalar  index  of  Oldfield  Thomas,  the 

Moors  are  markedly  prosopic  (1147)  and  the  Singhalese  barely 

so  (110*5),  whilst  the  Tamil  are  just  within  the  mesopic  class 

(109o),  and  the  Veddah  (105)  is  platyopic.    In  this  case  Sarasin's 
VOL.  XXXII.  (n.s,  vol.  xil)  3  D 
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Opinion  that  the  Tamils  are  nearer  the  Yeddadi  than  the  Sii^ha- 
lefle  is  borne  out,  but  only  bj  a  very  little.  The  proaopy  of  the 
Moor  confirms  their  probable  Arab  cnigin. 

Neither  the  facial  indices  (both  Kollmann  s  and  Yirehow'8)nor 
Topiiiard's  index  help  us  in  separating  the  gronpsL  All  the 
skulls  are  pha;nozYgou& 

To  sum  up,  therefore,  the  characteristic  points  indicated  by 
the  study  of  these  two  Moor  skulls,  they  are  a  heavier,  more 
massive,  more  strongly  marked,  are  higher,  have  a  greater  cranial 
capacity,  aud  are  more  markedly  prosopic.  Beyond  these  points 
nothiug  can  be  said,  for  the  figures  quoted  show  their  proximity 
to  the  Singhalese  aud  Tamil ;  similarly,  they  also  show  the  cloee 
relatiouship  of  these  last  two  groups  to  each  other. 


[Table  I. 
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SOME  NOTES  ON  THE  MANUS  OF  THE  DUGONG. 
By  EiCHAKD  J.  Anderson,  Professor  of  Naiural  History y 
Queen's  College,  Galway. 

The  Dugong,  of  which  there  are  three  species,  lives  on  the 
^  shores  of  the   Indian  Ocean  and   the  Eed  Sea.    The  scapula 

measures,  in  the  specimen  under  consideration  (Halicore ?), 

11  inches ;  the  humerus,  7'2  inches;  the  radius,  5*2  inches ;  and 
the  wrist  and  hand,  7'2  inches.  The  humerus  is  complete  as  the 
epiphyses  are  united  with  the  shaft;  the  radius  and  ulna  are 
free;  their  upper  ends  are  complete,  but  the  lower  epiphyses 
are  still  separated  from  their  respective  bones,  and  are  not  united 
with  one  another  to  form  a  single  bone,  as  in  the  Manatee ;  and 
the  shafts  of  the  radius  and  ulna  are  free  in  their  whole  length. 

The  upper  wrist  bones  are  two  (scapho-lunar  and  cuneiform), 
and  there  is  only  one  lower  wrist  bone.  The  fusion  of  the 
carpalia,  a  common  thing  in  the  Dugong,  reminds  one  of  the 
lenticular  bone  at  the  ulnar  side  of  the  wrist  in  the  Crocodile. 

The  metacarpal  bones,  five  in  number,  have  the  following 
lengths : — 

Left  Arm:— I.,  2 J.     II.,  3.     III.,  3i     IV.,  ^    V.,  3-^ 

(all  inches). 

The  distal  epiphyses  are  still  separate. 

In  the  right  manus  the  lengths  are  the  same,  with  the  ex- 
ception of  the  third,  which,  having  lost  its  distal  epiphysis,  is 
reduced  to  3  inchea 

The  first  phalanges  differ  in  epiphysial  arrangement  from  the 
condition  which  exists  in  Man,  where,  as  is  well  known,  the 
epiphyses  are  proximal  in  the  four  ulnar  digits ;  the  first  forming 
an  exception.     The  lengths  are  in  inches — 

I.,  absent.     II.,  |.     III.,  \\.    IV.,  IJ.     V.,  absent. 

II.,  III.,  and  IV.  have  both  proximal  and  distal  epiphyses. 
The  epiphyses  of  the  fourth  remain  separate.  Those  of  the  second 
and  third  are  partially  ankylosed  to  their  respective  shafts. 
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In  the  ri^t  hani  the  meaaucnients 

The  epiphyses  here  were  Tnidaid  or  lost  in  the  case  of  the  second 
and  third  The  riiortening  is  thns  accounted  for,  whilst  the  caps 
are  retained  on  the  fourth,  and  have  been  likehr  lost  in  the  fifth. 

Tbe  arrangement  here  differs  from  that  of  many  animals,  and 
conspicuously  from  the  condition  in  ilan. 

The  second  phalanges  on  the  left  hand  measure  in  inches — 

11^  j.    UI,  |.    IV.,  1  inch. 

The  proximal  epiphysis  in  IL  is  doubtful ;  in  II L  it  has  been 
lost ;  and  in  lY.  it  is  partially  ankylosed.  There  are  no  distal 
epiphyses.    The  measurements  on  the  ri^t  are — 

IL,  J.    III.,  f .    IV.,  1  inch.    V.,  |. 

The  epiphyses  of  II.  are  imperfectly  distinguishable.     III.  retains 
its  proximal  epiphysis.     In  IV.  the  proximal  epiphysis  has  been 
lost,     v.,  neither  of  the  epiphyses  remain. 
In  the  third  phalanx  the  measiu-ements  are — 

Left :— III.,  J.     IV.,  |. 

There  is  evidence  of  the  existence  of  a  proximal  epiphysis  on  IV., 
and  perhaps  a  distal  epiphysis. 

Right  Manus : — III.,  ^.     IV.,  |  (all  in  inches). 

Proximal  epiphyses  present  on  IV. ;  distal,  0. 

Th^  fifth  metacarpal  articulates,  of  course,  with  the  cuneiform. 

The  Manatees  that  frequent  the  shores  of  the  Atlantic  are 
distributed  into  two  or  three  species  that  are  said  to  like  the 
land  better  than  the  Dugongs.  It  is  interesting  to  note  the 
peculiarities  of  the  manus  as  compared  with  that  of  the  Dugong, 
which  most  appropriately  lacks  nails  that  the  Manatee  possesses 
and  requirea 

The  upper  articular  ends  of  the  humeri  are  not  united  with 
the  shaft  in  the  specimen  examined,  and  the  tuberosities  are 
incompletely  ankylosed.  The  lower  epiphysis  of  each  is  joined 
to  the  shaf  tw 

The  radius  and  ulna  are  completed  by  the  ankylosis  of  their 
epiphyses,  and  the  heads  of  the  bones  are,  further,  joined  together 
at  the  elbow. 
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The  wrist  ends  are  separate,  and  joined  to  one  another  on 
the  left  side ;  not  joined  on  the  right  side.  The  wrist  itself 
has  six  bones:  the  pisiform  is  absent.  Thi:ee  form  the  upper 
and  three  the  lower  row.  Metacarpal  V.  articulates  with  the 
ulnar  element  of  each  row. 

The  metacarpals  of  the  left  manus  have  the  distal  epiphyses 
still  separate  on  III.,  IV.,  and  V,  The  remaining  joints  have  no 
discernible  epiphyses. 

The  third  phalanx  of  the  index  finger  is  ankylosed  to  the 
second. 

In  the  right  manus,  the  epiphysial  caps  at  the  lower  end  of  the 
radius  and  ulna  are  separate  from  their  respective  bones  and  one 
another.  Metacarpals  III.,  IV.,  and  V.  have  distal  epiphyses,  all 
ununited.  The  distal  phalanges  of  ring  and  index  are  ankylosed 
to  the  second  phalanges  of  the  same  fingera 

It  will  be  seen  that,  whilst  the  free  bones  in  the  wrist  are 
more  numerous  in  the  Manatee  than  in  the  Dugong,  the 
bones  of  the  Dugoi^  hand  are  freer  than  those  of  the 
Manatee. 

The  epiphyses  of  the  seal  have  been  noted.  The  metacarpals 
have  distal  epiphyses:  the  first  a  proximal,  and  the  phalanges 
distal  in  Halichoerus  grypus, 

A  peculiarity  in  the  manus  of  the  Indian  elephant  has  been 
noted.  The  metacarpal  of  the  poUex  has  separate  epiphyses 
at  its  two  articular  enda  This  is  of  interest  in  discussing  the 
homology  of  »the  metacarpal  bone  of  the  thumb.  The  remaining 
metacarpals  have  distal  epiphyses  only;  and  the  phalanges, 
proximal  epiphyses. 

The  right  pes  of  the  young  elephant  examined  (which  was 
6  feet  high  at  the  shoulder)  did  not  show  this  peculiarity.  The 
«  first  metatarsal  has  a  proximal,  but  no  distal  epiphysea  The 
epiphyses  of  the  remainder  are  normal. 


SOME    POINTS    CONCERNING    THE  MOUNTING    OF 

DISSECTIONS    IN    BASINS.      By  Edward   Fawcett, 

M.B.  EdiiL,    Professor    of    Anatomy,  University    College, 
Bristol. 

EviSRYONE  who  has  had  charge  of  an  anatomical  museum  has 
probably  found  that  'basin-preparations'  are  more  or  less  a 
nuisance  from  the  time  they  are  mounted,  and  even  before  that. 
The  question  of  expense  is  in  many  cases  an  important  one, 
although  basins,  effective  in  every  respect,  can  be  obtained  at  a 
very  low  price.  Many  makers  of  earthenware  goods,  however, 
fight  shy  of  making  anything  out  of  the  common,  as  doubtless 
many  anatomists  have  found.  If  the  worst  come  to  the  worst,  the 
ordinary  glass  basin,  which  can  be  got  from  various  dealers,  witli 
wide  flat  rim,  answers  perfectly  well,  and  I  know  of  nothing  which 
looks  neater.  I  described  in  the  British  Medical  Journal  of  1894 
a  form  of  basin  in  earthenware  which  I  have  found  perfectly 
satisfactory.  These  basins  were  circular  in  form  and  had  a  flanged 
upper  rim.  Since  then  I  have  had  made  for  me  several  rect- 
angular basins,  large  enough  to  hold  the  forearm  and  hand,  in 
white  glazed  pot  with  flanged  rim,  which  not  only  serve  the 
purpose  admirably,  but  look  extremely  well.  I  am  partial  to  the 
flanged  rim,  although  it  is  not  absolutely  necessary.  These  latter 
basins  are  made  at  a  very  low  price,  and  I  shall  be  glad  to 
answer  any  inquiries  made  in  respect  of  them. 

The  Cover, — The  cover  one  generally  sees  is  thick  plate  glass. 
This  is  expensive,  and  is  by  no  means  necessary.  Sheet  glass 
one-eighth  inch  in  thickness  answers  every  purpose :  it  is  easy  to 
drill,  and  is  in  every  way  less  expensive. 

The  Cement — ^This  has  hitherto  proved  the  chief  stumbling- 
block.  It  is  usual  to  see  in  museums  the  cover  fixed  down  with 
either  gold-size  and  litharge  (or  red  lead)  or  some  preparation  of 
caoutchouc. 

The  former  answers  well  enough  sometimes  if  properly  mixed, 
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and  if  the  surfaces  to  which  it  is  applied  be  quite  diy,  but  it  is 
very  difficult  to  be  sure  that  it  will  not  crack,  when,  of  course, 
the  basin  springs  a  leak.  It  answers  best  with  the  fiat-rimmed 
basin,  and  with  preparations  preserved  in  spirit. 

The  latter  has  the  disadvantage  of  having  to  be  applied  hot, 
and  there  is  besides  a  great  risk  of  breaking  the  covers,  without 
taking  into  account  the  horrible  smell  generated  by  heating  it. 

The  cement  which  I  have  used  for  some  time  back  I  have 
found  to  be  the  most  useful,  most  easily  applied,  and  most  trust- 
worthy of  any.  That  is  a  cement  made  by  rubbing  down  on  a 
*slab  of  wood  or  metal,  with  the  fiat  of  a  chisel,  litharge  and  Arch- 
angel tar  (used  in  caulking).  As  much  litharge  as  will  give 
an  easily  worked  paste  is  used,  and  is  conveyed  to  the  basin 
and  cover  on  the  point  of  an  old  pocket-knife.  If  the  rim  of  the 
basin  be  a  flanged  one — and  this  is  the  form  I  use — the  cement 
is  simply  scraped  in,  like  so  much  putty,  between  the  glass  and 
the  flange ;  the  interval  between  the  edge  of  the  cover-glass  and 
the  flange  having  been  filled,  enough  cement  is  now  used  to  fill 
up  the  angle  between  the  top  of  the  glass  and  the  top  of  the  rim, 
the  cement  covering  the  glass,  say,  for  from  a  quarter  to  half  an 
inch.  This  latter  treatment  is  not  absolutely  necessary,  as  I 
have  been  able  to  prove,  but  it  adds  to  the  appearance,  and 
certainly  gives  strength  to  the  mount. 

It  is  well  now  to  allow  the  cement  to  stifien,  and  if  the  right 
consistence  have  been  got  at  first  it  will  soon — in  an  hour  or  two 
— do  that.  The  right  consistence  can  be  determined  by  pressing 
on  the  cement  with  a  finger  or  thumb  nail ;  if  the  nail  do  not 
easily  make  an  impression,  the  cement  is  now  ready  to  be  treated 
with  the  hot  file.  I  say  ^fe,  because  I  have  used  an  old  triangular 
file  whose  ^oint  had  been  broken  off,  so  that  the  end  was  now  an 
equilateral  triangle  of  from  half  to  three-quarters  an  inch  in  side. 
Any  other  piece  of  metal  of  about  the  same  width  will  do ;  I  have 
used,  with  pleasing  result,  the  loop  of  a  latch-key.  The  file  I  have 
found  convenient  because,  being  thick,  it  retains  the  heat  longer- 
This  is  heated  in  a  Bunsen  flame  to  avoid  soot,  and  when  short 
of  red  heat  is  run  over  the  cement,  one  angle  of  the  file  being 
pressed  through  the  cement  down  to  the  cover,  the  other  resting 
€^inst  the  inner  edge  of  the  top  of  the  rim.  The  file  is  carried 
all  round  the  glass,  and  soon  the  cement  will  become  smooth  on 
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the  flurfaee,  aad  will  be  of  stony  hardneaB  almost  at  once.  With 
a  pocket-knife  any  irr^olar  patches  of  cement  may  be  removed 
from  the  surface  of  the  cover,  and  the  operation  is  complete. 

It  is  not  necessary  to  use  the  file,  bat  so  satisfactory  is  the 
result  in  every  way  that  I  should  not  think  of  dispensing  with  it. 

This  process  is  simplicity  itself,  and  with  it  basin  work  is  a 
pleasure.  The  cement  cannot  crack,  and  in  the  summer  it  only 
becomes  more  elastic  with  heat 

This  cement  must  not  be  used  with  spirit  as  a  preservative,  as 
it  will  soon  be  penetrated  Used  with  formaline,  which  seems 
to  me  to  be  an  ideal  preservative  medium,  for  reasons  which  I 
will  shortly  mention,  it  seems  to  be  perfect. 

Other  Cements. — I  have  been  experimenting  for  the  last  five 
months  with  other  two  cements,  both  of  which  seem  to  be  excel- 
lent. I  have  used  them  with  the  ordinary  glass  basin  with  flat 
rim — i.e.f  having  no  flange.  Up  to  the  present  no  leakage  has 
taken  place ;  and  as  the  cements  have  become  harder,  I  have  no 
particular  reason  for  supposing  that  it  will  do  so. 

Both  cements  are  '  proprietary '  articles,  and  I  am  ignorant  of 
their  composition.  Both  have  the  great  advantage  of  beii^ 
liquid,  and  this  saves  enormous  trouble.  All  cements  which 
require  to  be  heated  are  a  nuisance,  because  unless  the  basin  and 
cover  can  be  heated  too,  the  cement  is  half  set  before  one  can  get 
half  way  round  a  basin. 

One  of  these  cements  is  called  the  '  Instant  Crockery  Mender,' 
the  other  is  '  Seccotine.'  The  former  is  in  bottle,  the  latter  is  in  a 
leaden  collapsible  tube.  I  have  not  had  so  much  experience  with 
the  latter.  It  is  more  convenient  to  use,  as  it  can  be  squeezed 
on  the  rim  as  it  is  passed  round,  and  an  even  covering  can 
readily  be  got,  whereas  the  former  must  be  applied  with  a  brush 
or  knife,  and  it  is  difficult,  without  care,  to  ensure  an  even 
coating.  On  the  whole,  however,  I  at  present  incline  to  the 
former.  Both  are  well  worth  trying.  They  are  unsoited  to 
spirit^  and  the  parts  must  be  dry. 

Drilling  the  Cover-glass. — This  is  an  operation  usoally  left  to 
the  glazier,  but  it  is  so  simple,  and  the  necessary  tools  are  so 
few,  that  any  anatomical  porter  or  museum  assistant  shoald  be 
taught  to  do  it 

The  apparatus  required  consists  of  an  Archimedean  drill,  a 
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few  drill- pointB,  a  small  saw-setter's  file,  and  a  little  turpentine, 
and  an  ounce  or  two  of  mercury.  Before  the  drill-points  can  be 
used  they  must  be  tempered. 

To  do  this,  a  drill-point  having  been  fixed  in  the  drill,  its  point 
is  held  in  the  Bunsen  flame  till  yellow ;  it  is  then  plunged  into 
a  dish  of  mercury ;  and  care  must  be  taken  to  see  that  only  the 
tips  of  the  drill-point  is  plunged  into  the  mercury,  otherwise,  if 
much  of  the  shaft  become  as  hard  as  the  tip,  it  will  be  so  brittle 
as  to  break  when  being  used.  If  the  temper  be  correct,  the 
drill-point  will  now  scratch  glass,  and  it  is  ready  for  use. 

A  spot  on  the  cover  having  been  selected,  the  cover  is  laid 
flat  on  Skjlat  table.  A  drop  of  turpentine  is  placed  on  the  spot 
selected,  and  the  drill,  held  vertically,  is  made  to  rotate.  It  soon 
*  bites,'  and  very  soon  embeds  its  head ;  as  the  dust  works  up 
from  the  hole,  it  may  be  removed,  and  the  hole  filled  up 
with  turpentine.  The  drill  should  not  be  very  heavily  pressed 
on,  nor  is  it  desirable  to  work  it  very  quickly ;  for  in  the  former 
case  the  glass  may  possibly  crack,  in  the  latter  the  drill  may 
become  hot  and  lose  its  temper.  Plenty  of  turpentine  will  do 
much  to  prevent  loss  of  temper. 

It  is  astonishing  how  soon  glass  can  be  perforated  in  this  way. 
I  have  drilled  J  inch  plate  glass  in  less  than  ten  minutes.  But 
glass  varies  much  in  consistency,  some  being  easily  bored. 

The  hole  having  been  made,  presumably  with  a  small  drill- 
point,  it  may  quickly  be  enlarged  to  such  a  size  as  required  by 
the  small  triangular  file.  This  should  be  set  in  a  cross  piece  of 
wood,  as  a  corkscrew  is  in  its  handle.  Such  a  handle  gives  great 
power,  and  enables  one  to  handle  the  file  very  delicately  also. 
It  is  absolutely  necessary  to  use  turpentine  during  this  operation. 
The  file  may  be  dipped  in  it,  or  the  turpentine  may  be  dropped 
into  the  hole, — it  matters  not  which.  The  file  is  now  rotated 
by  the  hand,  complete  rotation  being  desirable — hence  the  cross 
handle ;  and  the  glass  gives  way  readily.  If  no  turpentine  be 
used,  the  glass  will  shiver,  large  pieces  flaking  off,  and  it  may 
often  crack.  None  of  these  accidents  happen  if  turpentine  be 
used. 

The  drill-points  may  become  blunted  during  the  operation, 
either  from  losing  their  temper  through  being  rotated  too 
quickly,  or  from  being  insufficiently  tempered  at  the  commence- 
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ment.  They  are  easily  sharpened.  Heat  them  in  the  flame  till 
red,  then  let  them  cool  slowly^  Bub  them  on  the  small  saw- 
maker^s  file,  keeping  to  the  original  bevels  as  far  as  posBible. 
They  readily  become  sharp,  and  can  be  at  once  re-tempered. 
After  tempering,  they  can  either  be  tested  on  the  file  if  it  be 
hard  enough  to  scratch  glass,  in  which  case  it  will  not  touch 
the  drills,  or  on  glass  itself. 

Much  time  and  expense  are  saved  by  drilling  in  this  way. 

The  Preservaiive, — I  now  use  weak  solutions  of  formaline, 
having  abandoned  spirit  entirely,  for  the  following  reasons:-^ 
Formaline  does  not  penetrate  the  cement,  it  does  not  discolour, 
and  so  little  is  required  of  it  Spirit  possesses  none  of  these 
qualities.  Nothing  save  the  leaking  of  a  basin  is  more  annoy- 
ing than  discoloration  of  the  preservative.  The  most  beautiful 
dissections  may  look  disagreeable  under  such  circumstancea 
Many  of  my  own  specimens,  especially  dissections  where  many 
muscles  were  shown,  had  constantly  to  be  attended  to  for  this 
reason;  but  since  the  use  of  formaline  and  water  they  have 
required  no  attention  whatever,  for  the  fluid  remains  quite 
clear. 

As  the  fluid  tends  to  evaporate,  it  is  best  to  cover  the  hole  in 
the  cover  with  a  small  thin  cover-glass,  such  as  is  used  with 
microscope  slides;  in  fact,  this  is  generally  done.  It  may  be 
fixed  down  with  balsam  or  the  cements  I  have  mentioned — the 
tar-cement,  of  course,  excepted. 

As  dissections  are  generally  embedded  in  plaster  of  Paris,  it 
may  be  well  to  say  a  word  about  it,  when  used  with  the  ordinary 
glass  basin. 

Embedding  in  Ordinary  Glass  Basins. — ^Everyone  knows  that 
these  thin  glass  basins  readily  crack  during  the  *  setting  *  of  the 
plaster.  This  may  be  avoided  in  two  ways :  either  by  layering 
the  plaster  in  thin  layers,  which  is  very  tedious,  and  as  the  sides 
of  the  basin  are  rarely  vertical,  the  plaster,  when  once  in,  cannot, 
without  very  great  trouble,  be  got  out  again;  or,  by  a  much 
simpler  and  absolutely  safe  method,  which  I  shall  describe  at 
length. 

Method  IL — Fii"st  procure  some  corrugated  cardboard,  such  as 
is  used  by  chemists  for  wrapping  bottles  in  for  transmission  by 
Post,  cut  it  to  such  a  width  as  corresponds  with  tlie  depth  of  the 
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glass  basin,  and  to  such  a  length  as  will  completely  line  the 
interior  of  wall.  A  piece  of  brass  wire  may  be  made  into  a 
circle  large  enough  to  hold  the  cardboard  against  the  glass  wall, 
the  ends  of  the  brass  wire  overlapping  one  another,  and  being 
tied  tightly  by  wire  or  string, — ^just  so  tightly  that  the  circle  can 
be  enlarged  or  diminished  by  sliding  one  end  on  the  other. 

The  cardboard  may  now  be  taken  out,  and  the  uncorrugated 
surface  smeared  all  over  with  vaseline  or  thick  soap  jelly  (the 
former  is  better).  It  is  now  replaced  in  the  basin,  the  corrugated 
surface  being  outwards.  The  joint  between  the  two  ends  is 
'Covered  by  a  thin  piece  of  paper,  greased  on  both  surfaces,  in  the 
one  case  to  ensure  adhesion  to  the  cardboard,  in  the  other,  non- 
adhesion  to  the  plaster,  the  ring  of  brass  is  fixed,  and  everything 
is  ready  for  the  plaster. 

This  can  be  poured  in  to  any  amount  required ;  there  is  no 
danger  of  cracking  the  basin  through  expansion,  as  all  that  will 
happen,  let  the  plaster  expand  to  its  utmost,  is  flattening  of  the 
corrugations.  After  the  plaster  is  set,  the  cardboard  can  be 
removed  either  alone  or  with  the  plaster.  In  any  case,  the 
plaster  can  be  lifted  out  of  the  basin  with  the  preparation  when- 
ever required  at  any  future  time. 

By  this  method  glass  basins  can  be  used  as  readily  as  earthen- 
ware ones,  and  they  look  very  neat ;  they  are,  moreover,  cheap 
and  easily  obtained. 

I  might,  perhaps,  remark  that  these  basins  have  the  flat  rim 
usually  ground.  I  am  not  aware  that  this  is  necessary  beyond 
ensuring  a  perfect  fit,  and  it  materially  adds  to  the  cost. 

In  this  connection,  I  might  also  say  that  when  using  cements 
to  fix  covers  down  with,  it  is  usual  to  place  a  weight  on  the 
cover.  With  the  cements  I  have  used,  this,  I  feel,  is  a  positive 
disadvantage.  So  far  as  my  experience  goes,  it  is  rare  to  find  the 
cover  and  rim  fitting  perfectly ;  if  they  do,  there  can  be  no  harm 
in  applying  a  weight ;  if  they  do  not,  and  there  is  a  slight  tilting 
of  the  cover  possible,  it  is  far  better  to  use  plenty  of  cement,  and 
let  the  cover  find  its  own  level  by  its  own  weight,  because  if  it  be 
weighted  down  and  flattened  in  that  way,  it  will  tend  to  spring 
up  when  the  weight  is  removed,  and  unless  the  cement  be 
thoroughly  hard  throughout — and  it  is  quite  impossible  to  deter- 
mine that — the  glass  will  separate  from  the  cement,  and  a  weak 
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spot,  if  not  a  leak,  may  be  the  result,  which  will  be  an  eyesore 
and  a  constant  source  of  disquietude  of  mind. 

It  does  not  matter  a  straw  how  unequal  the  surfaces  are  when 
the  *  tar-cement '  is  used ;  it  will  fill  any  gap,  large  or  small. 
It  does  not  matter  either  if  the  surfaces  be  not  quite  dry,  and, 
more  than  that,  if  by  any  chance  a  glass  have  been  fixed  down  by 
gold-size  and  litharge,  and  have  begun  to  leak,  after  laying  bare 
the  leak  it  can  be  repaired  with  the  tar-cement,  the  fluid  all 
being  displaced  by  the  tar, — at  least,  such  is  my  experience 

In  conclusion,  I  may  say  that  the  tar-cement  of  which  I  have 
said  so  much  was  first  devised  by  the  anatomical  porter  at  Leeds, 
and  used  by  him  to  strengthen  the  gold-size  and  litharge  cement 
which  came  into  contact  with  the  spirit  preservative. 


ARCHiEOLOGIA  ANATOMICA. 

I. 
Thk  Oldest  Anatomical  Memoranda  Extant. 

These  notes  are  contained  in  a  papyrus  in  the  Leipzig  University 
Library,  brought  from  Egypt  by  Professor  Ebers  in  1872.  A  fac- 
simile of  this  document  was  published  in  1875  by  Professor  Ebers, 
and  translations  of  it  have  been  made  by  Professor  Lieblein  and  Dr 
Joachim. 

The  sections  dealing  with  anatomy  occur  on  pp.  99,  100-103  of 
the  facsimile.  The  papyrus  was  probably  written  sixteen  centuries 
before  our  era,  as  there  occurs  on  the  reverse  of  one  portion  a 
calendar  written  during  the  lifetime  of  King  Amenhotep  I.  For 
the  most  part  the  work  consists  of  notes  or  memoranda  written  by 
some  ancient  physician,  and  copied  from  still  older  medical  writing?. 

The  translation  here  given  was  made  about  ten  years  ago.  I  had 
intended  to  publish  a  version  of  the  entire  papyrus,  but  refrained, 
as  so  little  could  be  definitely  ascertained  concerning  a  large 
number  of  the  medicaments  and  prescriptions  which  make  up  the 
principal  part  of  the  book.  Now  that  the  contents  of  the  work 
are  accessible  in  the  excellent  and  handy  translation  of  Dr  Joachim, 
the  publication  of  any  other  rendering  of  it  is  superfluous  until 
further  light  can  be  shed  on  the  materia  madica  of  the  ancient 
Egyptian  medical  schools. 

The  anatomical  notes  embody  rather  a  kind  of  traditional  descrip- 
tion than  a  record  of  exact  observation.  Such  as  they  are,  they  are 
of  great  interest  on  account  of  their  antiquity.  I  have  not  confined 
myself  to  an  absolutely  literal  translation ;  but,  while  departing  as 
little  as  possible  from  a  faithful  rendering  of  the  original,  I  have 
tried  to  express  in  idiomatic  English  what  seems  to  be  the  sense  of 
the  memoranda. — A.M. 

Beginning  of  the  Book  of  Mysteries  of  the  Physician — 
The  Knowledge  of  the  Motions  of  the  Heart— The 
Knowledge  of  the  Heart. 

There  are  vessels  from  it  to  all  the  members.  Each  physician, 
master  of  healing,^  priesfc-exorcist,  feels  all  these  when  he  places 
his  finger  upon  the  head,  upon  the  scalp  (ueck  or  occiput),  upon 

'  Neh-acchi.     Professor  Ebers  takes  this  as  a  proper  name.     See  '  *  Uarda." 
VOL,  XXXIL  (N.S.  vol.  XII.)  3  E 
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the  hands,  upon  the  epigastrium,  upon  the  arms  or  upon  the 
legs.  He  traces  all  from  the  heart,  because  its  vessels  go  into 
all  his  members,  so  he  describes  it  (the  heart)  as  the  beginning 
of  the  vessels  to  all  membei-s. 

There  are  four  vessels  to  the  nostrils,  of  which  two  carrj'  fluid 
(mucus  ?)  and  two  carry  blood. 

There  are  four  vessels  to  thp  sides  of  tlie  temples,  which  if 
they  carry  blood  to  the  eyes,  all  mauuer  of  diseases  are  produced 
ill  the  eyes  by  their  means,  by  their  being  open  to  the  eyes.  If 
water  flows  from  them,  it  is  the  pupils  of  the  eyes  which  give  it. 
It  is  otherwise  said  ^  that  sleep  causes  it  (the  water  ?)  to  come  • 
from  the  eyes. 

There  are  four  vessels  which  branch  on  the  head.  They  dis- 
tribute themselves  in  the  scalp  (neck  ?),  where  they  nourish  and 
cause  to  grow  the  abundance  of  hair.  These  form  unions  (with 
one  another). 

If  the  air  enters  into  the  nostrils  it  is  driven  into  the  heart 
and  (goes)  through  the  intestine  (by  these  vessels  ?),  which  dis- 
tribute it  to  the  whole  body. 

When  one  hears  the  passage  (of  the  wind),  there  ai-e  two 
vessels  making  it  to  go  into  the  cavity  beneath  the  eye  (antrum  ?), 
It  is  otherwise  said  that  if  one  hears  the  passage  of  it,  it  is  that 
which  is  in  those  (vessels)  in  the  forehead.  The  wind  makes  a 
noise  which  is  heard  when  one  breathes.^ 

If  the  heart  absorbs  water,  the  limbs  become  wasted. 

If  the  heart  palpitates,  it  is  the  vessel  named  the  constrictor 
which  causes  it:  it  carries  fluid  to  the  heart.  It  is  otherwise 
said  that  it  makes  it  ^  to  close.  If  this  is  audible  on  account  of 
the  opening  of  its  orifice,  it  affects  all  parts,  the  heart  being 
oppressed  (confused). 

If  excitement  seize  upon  the  heart,  there  is  a  rushing  (of 
blood  ?)  to  parts  of  the  intestine  and  to  the  liver.  The  vessels 
of  the  ear  become  filled  before  that  the  heart  has  become 
quieted.* 

^  The  writer  evidently  compiled  these  uotes  from  diflferent  Kources.  and  prefaces 
extracts  from  the  authorities  with  the  words  ki  thed,  '*  it  is  otherwise  said." 

*  Intestinal  diseases  with  borborygmi  are  common  in  Egypt. 
'  This  passage  is  obscure. 

*  This  has  probably  some  reference  to  the  curious  belief  mentioned  in   the 
succeeding  paragraph. 
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There  are  four  vessels  to  his  twd  ears — two  together  to  the 
right  and  two  to  the  left.  The  breath  of  life  enters  into  the 
right  ear,  and  the  breath  of  death  into  the  left  ear.  It  is 
otherwise  said,  it  (the  breath  of  life)  enters  into  the  right  ear ; 
the  breath  of  death  into  the  left. 

There  are  six  vessels  to  the  two  arms — three  to  the  right 
and  three  to  the  left,  extending  to  the  fingers. 

There  are  six  vessels  to  the  two  legs — three  to  the  right  leg, 
three  to  the  left  leg,  going  down  to  the  soles  of  the  feet. 

There  are  two  vessels  to  the  testes,  which  carry  semen. 

There  are  two  vessels  to  the  kidneys,  one  to  each  kidney. 

There  are  four  vessels  to  the  liver,  to  which  they  bring  fluid 
and  air.     These  give  rise  to  all  kinds  of  disease  when  they  (i.e. 
the  fluid  and  air)  are  poured  into  the  blood. 
.  There  are  four  vessels  to  the  intestine  and  to  the  spleen 
carrying  to  them  fluid  and  air. 

There  are  two  vessels  to  the  bladder,  which  carry  urine. 

There  are  four  vessels  which  extend  to  the  anus,  which  supply 
it  with  fluid  and  air.  These  are  over  the  anus,  opening  into  it, 
two  of  these  vessels — one  on  the  right  and  one  on  the  left — come 
to  it  from  the  leg.    They  cause  dryness  of  the  f«ces.^ 

Here  follow  twenty-two  short  sentences,  aphorisms,  dealing  with 
difleront  diseased  conditions  aflecting  the  heart.  After  which,  on 
p.  103,  is  a  second  series  of  anatomical  memoranda,  said  to  have 
been  extracted  from  an  old  book,  which  was  found  beneath  the 
feet  of  a  statue  of  the  god  Anubis,  in  the  city  of  Letopolis,  in  the 
time  of  Hesepti,  the  fifth  king  of  the  1st  Dynasty,  who  reigned  about 
the  year  B.C.  3700. 

In  man  there  are  twelve  vessels  ^  from  the  heart,  which  go 
to  all  members.  There  are  two  in  him  in  his  body  affected  in 
,  disease  of  the  intestine.  [Then  follows  ^  prescription  for  this 
disease.] 

There  are  two  vessels  in  him  to  the  thighs.  If  he  have  pain 
in  his  thigh  and  his  two  limbs  quiver,  then  say  thus  concern- 
ing it :  "  It  is  a  vessel  which  goes  to  the  thigh  which  has  carried 
the  disease."     [Then  follows  a  prescription.] 

'  This  passage  is  obscure. 

^  Although  twelve  are  specified  there  are  twenty  referred  to  in  the  succeeding 
paragraphs. 
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If  he  has  disease  iu  his  ueck  and  pain  in  both  eyes,  then 
saj  thtis :  '^  It  is  the  vessels  of  his  neck  which  have  earned 
the  disease."     [Then  follows  a  prescription.] 

There  are  two  vessels  in  him  to  his  arm.  If  he  is  diseased 
in  his  arm  and  his  fingers  quiver,  say  then — ^'^  There  are 
dilatations."     [Then  follows  a  prescription.] 

Tliere  are  two  vessels  in  him  to  his  scalp;  there  are  two 
vessels  in  him  to  his  forehead ;  there  are  two  vessels  in  him  to 
his  eye ;  there  are  two  vessels  to  his  eyebrow ;  there  are  two 
vessels  in  him  to  his  nostril ;  there  are  two  vessels  in  him  to 
his  right  ear,  and  the  breath  of  life  goes  through  them ;  there 
are  two  vessels  to  his  left  ear,  and  the  breath  of  death  goes 
through  them.  These  all  come  together  from  his  heart  and  are 
distributed  to  his  nose ;  they  pass  together  to  the  hinder  part. 
Diseases  of  the  bowels  arise  on  account  of  their  being  emptied. 
They  become  emptied  through  the  vessels  of  the  thigh  from  the 
first  until  death. 


NOTE  ON  A  MODERATOR  BAND  IN  THE  LEFT  VEN- 
TRICLE AND  A  PERFORATE  SEPTUM  OVALE  IN  THE 
HEART  OF  A  SHEEP.  By  R.  J.  McClelland,  Student  of 
Anatomy,  University  of  Edinburgh. 

Left  Moderator  Band. 

In  vol.  xxzii.  of  the  Journal  of  Anatomy  and  Pht/stologT/^  Professor 
Sir  William  Turner  published  an  article  describing  a  moderator  band 
in  the  left  ventricle  of  a  human  heart.  In  this,  the  third  specimen 
Tvhich  he  has  described,  the  moderator  band  of  the  left  ventricle  ^vas 
quite  as  thick  and  as  muscular  as  that  of  the  right. 

The  writer,  when  dissecting  a  sheep's  heart,  noticed  a  structure  that 
obviously  corresponded  to  that  above  mentioned.  The  left  ventricle 
was  opened  by  Sir  William  Turner's  method — an  incision  made 
parallel  to  and  immediately  to  the  left  of  the  anterior  interventricular 
groove.  Had  the  ventricle  been  opened  in  the  usual  way,  by  trans- 
fixing, the  band  would  certainly  have  been  destroyed,  and  its  presence 
would  not  have  been  observed. 

A  muscular  structure  was  then  seen  to  pass  across  the  cavity  of  the 
left  ventricle  in  its  lower  third.  It  was  attached  by  one  end  to  the 
septal  wall,  21  mm.  above  the  lowest  part  of  the  ventricular  cavity, 
aud  by  its  other  extremity  to  a  point  upon  the  posterior  wall  somewhat 
nearer  to  the  apex,  and  a  short  distance  below  the  base  of  the  posterior 
papillary  muscle.     Its  length  was  16  mm.,  and  its  diameter  1  mm. 

A  few  endocardial  threads  were  seen  at  different  levels  in  the  ven- 
tricular cavity.  Several  of  these  passed  from  the  septal  wall  to  the 
anterior  papillary  muscle,  and  others  connected  the  two  papillary 
muscles.  The  moderator  band  was  also  associated  with  two  similar 
threads,  one  passing  from  it  to  the  septum,  the  other  from  it  to  the 
posterior  papillary  muscle. 

The  cusps  of  the  mitral  valve  and  the  semilunes  of  the  aortic  valve 
were  smooth,  and  showed  no  trace  of  endocarditis.  The  right  ventricle 
contained  a  well-developed  moderator  band  in  the  usual  position. 

Perforate  Septum  ovale. 

Another  point  of  interest  in  the  same  heart  was  the  incomplete 
nature  of  the  septum  ovale.  There  was  present  a  small  opening  in  its 
anterior  and  inferior  part,  which  allowed  of  the  passage  of  an  ordinary 
quill.  Looked  at  from  the  right  auricle,  the  opening  was  slit-like  in 
character.  When  the  left  auricle  was  opened  the  foramen  was  not 
seen  until  a  valve-like  flap  which  concealed  it  was  raised.  From  the 
margin  of  this  flap  filaments  of  endocardium  passed  to  the  anterior 
wall  of  the  auricle. 

Little  blood  could  have  passed  from  right  to  left  auricle,  as  in  the 
fcetal  heart,  and  it  seemed  as  though  none  could  have  gone  in  the 
opposite  way.  If,  when  the  auricles  contracted,  the  blood  pressure 
had  been  greater  in  the  left  auricle,  the  valve-like  flap  would  have 
shut  to,  and  the  endocardial  filaments  would  have  prevented  it  being 
driven  into  the  foramen,  and  thus  the  passage  of  blood  from  the  left 
to  the  right  auricle  would  have  been  impossible. 


EIGHTH  REPORT  ON  RECENT  TERATOLOGICAL  LITERA- 
TURE.  By  Bebtram  C.  A.  Windle,  D.Sc,  M.D.,  M.A., 
Profe«8or  of  Anatomy  in  Mason  University  College^  Bimiingliam. 

(ITic  author  of  this  report  will  feel  greatly  obliged  if  writers  on  teratological 
subjects  will  supply  him  with  reprints  of  their  papers,  for  use  iu  the  preparation 
of  future  reports.] 

I.  Experimental. 

Ykvit  (i.)  tried  the  experiment  of  incubating  fotch'  eggs  into  which 
fetmalL  quantities  of  a  1  p.c.  salt  solution  had  been  injected.  Other 
eggs,  into  which  similar  quantities  of  sterilised  water  had  been 
injected,  were  incubated  at  the  same  time  for  the  purposes  of  com- 
])arison.  Under  normal  circumstances  no  very  special  difference  was 
perceived  between  the  two  classes  of  eggs ;  those  which  had  received 
the  salt  solution  having,  however,  a  slight  advantage,  as  will  be  seen 
from  the  following  statement : — Of  eggs  injected  with  0*5  p.c.  of  fJuid, 
7ril  p.c.  of  those  with  salt  solution  and  70  p.c.  of  those  with  water 
developed  normally.  Where  1*0  c.cm.  were  injected,  the  percentages 
were  65*47  and  G0'71  respectively.  A  second  series  showed  a  curious 
diff'erencc.  The  eggs  in  this  case  had  been  laid  five  days  before  incu- 
bation, and  during  the  intervening  period  a  very  severe  storm  had 
passed  over  the  part  of  Paris  where  they  were.  In  the  case  of  this 
group  of  eggs,  the  difference  was  considerable  between  the  eggs  injected 
with  salt  and  with  plain  water.  Of  those  which  received  0-5  c.cm. 
of  fluid,  the  percentages  were  70,  83  and  25,  and  of  those  which 
received  I'O  c.cm.  58*35  and  8*33  respectively.  The  author  thinks 
that  if,  under  normal  circumstances,  the  difference  is  nil  between 
the  action  of  the  two  fluids  upon  the  nutrition  of  the  embryo, 
and  if  a  difference  manifests  itself  under  special  meteorological 
conditions,  one  must  admit  that  the  quantity  of  salt  is  sufficient 
to  neutralise  the  eifect  of  those  conditions.  There  is  no  doubt 
that  storms  have  an  effect  on  incubation,  which  effect  may  bo 
due  to  a  fermentation  set  up  in  the  egg,  against  which  Uie  small 
quantity  of  salt  may  act  as  a  preventative.  The  same  author  (iL) 
tried  the  effect  of  the  vapour  of  chloroform  upon  fowls'  eggs.  When 
exposed  to  the  vapour  for  a  short  time,  and  then  given  a  period  of 
rest  before  incubation,  the  percentage  of  normal  developments  was 
52*08  ;  when  the  incubation  followed  immediately  upon  the  exposure 
to  the  vapour,  the  percentage  was  only  27*08.  The  percentage  in  the 
control  eggs  was  81*25.  After  the  eggs  had  been  exposed  to  the 
vapour  for  twenty-four  hours,  there  was  very  i*arely  any  development, 
even  if  the  eggs  had  been  given  a  period  of  rest  of  equal  duration* 
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Sulphate  of  atropia  and  cocaine  were  found  to  produce  toxic  and  tera- 
togenic effects  upon  eggs.  A  third  paper  by  the  same  author  (iii.) 
gives  the  results  of  his  efforts  to  produce  artificial  teratomata.  This 
was  done  by  grafting  early  chick  embryos  under  the  skin  of  fowls. 
These  experiments,  which  are  of  great  interest  in  connection  with  the 
embryonic  rudiment  theory  of  tumours,  show  that  though  after  a  blasto- 
derm has  been  transplanted  it  may  apparently  be  absorbed,  yet  after  a 
atent  period  so  long  as  to  give  rise  to  the  idea  that  it  has  completely 
disappeared,  a  development  of  tissue  which  was  not  differentiated  at 
the  time  of  implantation  takes  place.  Various  tissues  may  be  de* 
A^eloped  from  these  grafts,  which  being  of  forty-eight  hours'  incubation 
consist  of  almost  undifferentiated  embryonic  tissue.  Thus  e])idermal 
<  cells  have  been  found  encapsulating  a  tumour  which  contained  striped 
and  smooth  muscular  fibres,  elastic  tissue  and  vessels.  These 
tumours,  however,  spontaneously  disappear,  the  greater  number  not 
persisting  more  than  two  months.  It  is  also  interesting  to  note  that 
there  is  a  certain  specificity  in  germs,  even  at  an  epoch  prior  to  that 
at  which  histological  and  morphological  characters  are  distinguish- 
able. Thus  duck  embryos  will  not  develop  on  a  fowl  or  a  pigeon, 
nor  will  those  of  the  chick  develop  on  the  pigeon  or  the  duck.  Em- 
bryos  introduced  into  the  peritoneal  cavity  produced  no  result  The 
grafts  were  usually  made  in  the  pectoral  region,  but  will  take  effect 
elsewhere.  Section  of  nerves  and  other  efforts  to  avert  phagocytosis 
produced  no  effects  upon  the  grafts.  These  took  better  in  adult  than 
in  young  fowls.     Some  of  these  cystic  tumours  persisted  longer  than 

'  others :  one,  for  example,  made  from  a  forty-eight  hours  embryo 
in  the  region  of  the  sternum,  was  removed  at  the  end  of  five  months, 
and  was  then  found  to  consist  of  fibro-muscular  bundles,  with  blocks 
of  cartilage  and  osteoblasts.  A  further  series  of  experiments  by  the 
same  author  (iv.)  was  carried  out  with  the  object  of  ascertaining  how 
far  traumatisms  of  the  egg  interfere  with  the  development  of  the 
embryo,  such  an  observation  being  an  essential  preliminary  to  experi- 
ments such  as  those  of  Fol  and  Warynski,  in  order  that  the  point  may 
be  settled  as  to  whether  the  operation  upon  the  embryo  is  the  sole 
factor  to  be  considered,  or  whether  that  upon  the  eggshell  must  not  also 
be  taken  into  account.  In  the  first  series  of  these  experiments  a  por- 
tion of  the  shell  was  removed,  and  a  sterilised  watch-glass  cemented 
over  the  opening  thus  formed,  with  silicate  of  potash.     In  spite  of 

.  every  precaution,  the  survival  of  the  embryo  was  rare  and  of  short 
duration.  The  second  series  followed  Beguelin's  method  of  removing 
a  portion  of  the  shell  over  the  air-chamber,  and  substituting  for  it  a 
portion  of  sterilised  shell  from  another  egg.  The  result  here  was  more 
successful,  but  no  fully  developed  embryos  were  formed.  At  the  end 
of  48  hours'  incubation  there  were  31  monstrosities  out  of  155  develop- 
ments. In  the  third  series  the  method  suggested  by  Preyer  was 
pursued,  the  contents  of  the  egg  being  incubated  in  a  sterilised  glass. 
As  pointed  out  by  Preyer,  a  fair  number  of  these  survived  for  a  time. 
All  these  facts  show  that  if  the  resistance  of  the  embryo  of  the  chick 
to  wounds  of  the  shell  is  much  more  considerable  than  is  generally 
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believed,  it  is  not  such  as  to  permit  the  utilisation  of  these  various 
methods  of  uncovering  the  embryo  for  the  artificial  productiou  of 
monstrosities.     It  is  not  possible  to  distinguish  the  effects  which  are 
produced  by  the  opening  of  the  egg  from  those  due  to  the  latter  pro* 
ceedings.      Duplicity  of  the  heart  and  omphalocephaly,  which  Fol 
and  Warynski  thought  they  had  obtained  in  consequence  of  a  local 
momentary  compression,  may  be  produced  by  all  the  influences  cap- 
able of  disturbing  the  evolution  of  the  embryo,  and  amongst  others 
by  uncovering  it.     The  influence  of  local  injuries  can  only  be  deter- 
mined by  the  frequent  production  of  unilateral  abnormalities.     In 
any  case   the^  possibility  of   the  development  of  an   embryo  in  an 
uncovered  e^g  during  a  considerable  time  is  interesting,  because  it 
enables  us  to  follow  directly  the  development  of  certain  malforma- 
tions of  the  embryo  if  it  be  examined  at  stated  intervals.     Chiarugi 
and  Banchi  (v.)  find  that  an  increase  of  temperature  renders  the 
process   of   development   in  the   ova   of   Saiamandrina   more   rapid 
and  active.     But  these  ova  only  tolerate  an  increase  of  temperature 
within  very  narrow  limits.     A  temperature  of  25*  to  28**  C.  only 
permits  of  development  for  a  short  pariod,  after  which  the  embryos 
become  profoimdly  altered  or  perish.     A  temperature  of  20*  to  23' 
permits  of  a  regular  development,  but  renders  the  eggs  more  disposed 
to  abnormal  evolution.     The  greater  tolerance  of  cold  than  heat  is  in 
consonance  with  the  period  of  the  year  at  which  the  deposition  of  the 
ova  takes  place.     Chiarugi  and  Livini  (vi.),  experimenting  with  ova 
of  Saiamandrina perspicillata,  found  that  absence  of  light,  or,  in  a  less 
degree,  violet  light,  induce  generally  a  slight  but  not  harmful  delay 
in   development,  but  may  under  certain  conditions  produce  graver 
effects.     A  serious  delay  in  development,  with  alterations  in  and  even 
death  of  the  embryo,  may  follow  as  a  consequence  upon  the  depriva- 
tion of  the  luminous  stimulus. 


II.  General. 

GiACOMiNi,  in  his  tenth  communication  (vii.),  describes  two  typical 
nodular  emhryos  of  which  in  one  all  the  foetal  annexes,  save  the 
chorion,  were  absent,  whilst  they  were  all  present  in  the  other.  In 
the  first,  traces  of  tissues  representing  the  embryo  could  only  be 
made  out  with  the  aid  of  the  microscope.  In  the  second,  the 
embryo  was  reduced  to  the  condition  of  a  small  elevation,  slightly 
enlarged  at  its  free  end,  and  implanted  on  the  internal  surface 
of  the  amnion.  No  definite  embryonic  structures  could  be  made 
out  in  it  by  the  microscope.  In  the  first  case  the  disturbing  cause 
must  have  occurred  very  early — in  fact,  when  only  the  germinal 
disk  existed.  In  the  second  it  occurred  at  a  later  period,  and 
the  effects  were  limited  to  the  embryo  alone.  Ytixt  (viii.)  narrates 
the  history  of  a  family  affected  with  similar  malformations.  The 
father,  a  man  of  48,  was  healthy,  save  that  he  suffered  from 
malarial  fever  throughout  the  time  that  the  children  were  being  con- 
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ceived.  The  mother  was  also  healthy.  The  three  children,  all  male?, 
had  retarded  dentition,  began  to  walk  late,  had  convulsions  whilst 
teething,  and  the  last  two  did  not  begin  to  speak  until  they  were 
nearly  three  years  old.  In  each  case  the  lower  incisors  were  re- 
markably small,  the  superior  dental  arch  projected  considerably  in 
front  of  the  lower,  and  the  chin  was  small  and  short.  Each  was 
affected  with  a  very  similar  form  of  spasmodic  tic,  which  consisted  in 
a  simultaneous  elevation  of  the  shoulders  and  flexion  of  the  head. 
Each  boy  had  also  special  minor  malformations,  such  as  asymmetry  of 
the  face,  inguinal  *  hernia,  and  genu  valgum.  Lewis  (ix.)  gives  an 
account  of  a  case  of  injencepJuilus,  where  the  monster  was  one  of 
uniovular  twins,  its  fellow  being  a  normal  foetus  of  5^  months'  gesta- 
tion. A  review  of  the  literature  of  the  subject  is  appended,  together 
with  a  description  of  the  dissection  of  two  hitherto  unpublished  cases 
which  he  found  in  the  museum  of  the  Hush  Medical  College.  Bal- 
LANTYNB  (x.),  in  his  paper  en  tilled  Teratogenesis,  gives  an  account,  with 
a  full  bibliography,  of  the  theories  of  the  past  as  to  the  causes  of 
monstrosities.  It  contains  a  very  interesting  discussion  of  the  ques- 
tion of  maternal  impressions,  in  which  the  author  asks  two  questions  : 
(1)  Does  a  definite  impression  upon  a  pregnant  woman's  mind  often 
or  ever  cause  a  defect  in  the  foetus,  closely  resembling  the  thing  pro- 
ducing the  impression  ?  (2)  Has  the  state  of  the  mother's  mind 
during  gestation  any  effect  upon  her  unborn  infant's  development? 
The  first  of  these  questions  he  answers  in  the  negative,  and  the  second 
in  the  affirmative.  He  regards  it  as  impossible,  and  here,  I  think, 
all  teratologists  will  agree  with  him,  for  the  sight  of  a  mutilated 
individual  to  be  so  transmitted  mentally  by  the  mother  as  to  cause  a 
foetal  amputation  resulting  in  a  similar  deformity  in  utero.  On  the 
other  band,  he  thinks  that  there  can  be  no  doubt  that  prolonged  or 
strongly-marked  mental  states  of  the  mother  may  affect  the  develop- 
ment of  the  foetus  in  the  uterus.  That  such  can  produce  abortion, 
none,  he  thinks,  will  deny ;  and  that,  short  of  producing  miscarriage, 
they  can  also  lead,  through  vascular  and  nutritive  disturbances,  to 
irregularities  in  embryogenesis,  is  extremely  probable. 


III.   DUPUCITY. 

Yin't  (i.)  gives  an  account  of  the  development  of  the  embryos  in 
douhle-yoVced  eggs.  He  has  observed  twelve  of  these  eggs,  each  of 
which  was  subjected  to  72  hours'  incubation,  (a)  In  four  cases  no 
development  took  place,  and  in  three  of  these  the  two  yolks  were 
intimately  united  to  one  another;  the  two  cicatriculsB,  instead  of 
occupying  their  normal  position  when  the  %^g  lay  horizontally,  were 
displaced  about  40''  nearer  to  the  small  end.  In  the  fourth, 
the  two  yolks  were  free  from  any  connection  with  one  another, 
and  the  cicatriculsB  occupied  their  normal  position.  (&)  In  six  cases, 
where  the  two  yolks  were  intimately  united  for  a  greater  or  lesser 
part  of  their  extent,  there  were  normal  or  abnormal  embryos,  whose 
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position  was  nearly  that  of  the  cicatriculsB  in  the  first  m3nti6ned  three 
eggs,  there  heing  the  same  deviation  towards  the  lesser  end.  In 
these  six  eggs  there  were  six  normal  emhryos.  Two  eggs  contained 
two  normal  emhryos,  the  smaller  in  each  case  on  the  yolk  which  was 
nearest  to  the  larger  end.  Two  eggs  contained  one  normal  embryo  on 
the  yolk  nearer  to  the  smaller  end.  On  the  second  yolk  there  was  in 
one  case  a  cyclops,  in  the  other  a  specimen  of  omphalocephaly.  Two 
eggs  contained  only  abnormal  embryos,  the  less  defective  being  on  the 
yolks  nearer  to  the  smaller  extremities :  one  cyclops  with  a  double 
heart  and  one  spina  bifida.  On  the  second  yolks  the  two  embryos 
were  only  represented  by  simple  grooves.  Besides  their  abnormal 
|)03itions,  the  eggs  with  united  yolks  had  their  embryos  lying  with 
various  deviations  of  their  axes.  In  the  two  which  contained 
normal  embryos,  that  which  was  nearer  to  the  smaller  end  was  twisted 
about  45*"  to  the  right,  the  other  to  the  left  for  about  135^  i.e.j  the 
head  and  back  of  the  first  and  the  tail  of  the  second  were  turned 
towards  the  right  of  the  observer.  In  the  two  eggs  which  contained 
one  normal  and  one  abnormal  embryo,  the  two  were  deviated  by  45° 
towards  one  another  in  one  case,  and  away  from  one  another  in  the 
other.  A  similar  disposition  was  found  in  the  eggs  which  contained 
two  abnormal  embryos,  (c)  In  two  eggs  the  yolks  were  independent : 
each  had  two  normal  embryos  without  deviation,  and  occupying  their 
normal  position.  In  one  the  two  embryos  were  equal,  in  the  other 
the  embryo  which  was  nearer  to  the  larger  end  was  slightly  more 
developed,  and  had  a  more  extensive  area  vasculosa.  These  facts 
confirm  former  observations.  When  the  two  yolks  are  mobile  and 
free  from  one  another,  development  may  be  normal  on  both.  When 
they  are  adherent,  the  adhesion  occurs  in  such  a  manner  that  one  of 
the  cicatricuIsB  is  nearer  to  the  zone  of  adhesion,  and,  as  a  result,  there 
is  an  obstacle  to  development,  which  leads  to  the  production  of  a 
monstrosity,  or,  at  least,  of  an  arrest.  Usually  it  is  the  embryo  lying 
nearer  to  the  small  end  which  is  the  better  developed :  this  may  be 
explained  by  remembering  that  the  cicatriculee  occupy  the  liighest 
positions  whilst  the  egg  is  passing  through  the  passages  ;  thus  it  is  the 
germ  upon  the  higher  yolk  which  finds  itself  the  more  free  when  the 
union  of  the  yolks  takes  place.  Taruffi  (xii.)  supplements  his  paper 
upon  classification,  referred  to  in  last  year's  Report,  by  the  following 
observations  upon  double  monsters  of  asymmeiri^alfoTnn.  Firstly,  the 
author  establishes  the  limits  of  his  subject,  then  enumerates  the  forms 
of  asymmetry,  and  considers  which  individuals  deserve  the  name  of 
parasites;  then  he  deals  with  the  frequency  of  these  forms  with  respect 
to  the  various  parts  of  the  body,  in  man  and  in  domestic  animals.  Ho 
draws  the  following  conclusions: — (1)  Two  complete  twins,  joined 
either  directly  (disomi  sineriti)  or  by  the  medium  of  the  cord  (disomi 
dieriti),  whether  symmetrical  or  the  reverse,  both  originate  from  two 
true  twins.  (2)  W^hen  the  duplicity  is  complete,  asymmetry  is  pro- 
duced by  (a)  all  the  grades  of  aplasia  in  one  of  the  two  twins, 
beginning  with  microsouiia  as  represented  by  Licetus  in  the  para- 
cephalus  adherent  to  the  epigastrium  of  his  brother,  and  descending 
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through  all  the  varieties  of  teratoma  ;  or,  again,  (b)  from  the  absence  of 
one  or  more  parU  of  one  twin,  e.g.^  an  ischiopagus  without  a  head 
(Ibi-acephalus,  Taruffi).     (3)  When  the  duplidty  is  incomplete  and 
as3'mmetrical,  it    may   be   due  to   diverse    causes: — (a)   to    aplasia 
of  one  party  which  sometimes  seems  to  be  an  appendage  adherent  to 
the  twin,  the  incomplete  portion  then  being  ctiUed  the  parasite,  and 
the   other  the  autosite;    (b)  to   heterotopia,  when  the   parasite   is 
reduced  until  only  a  limb  remains,  which  adheres  to  the  autosite  in 
some  unhomologous  part ;  (c)  to  deformity,  when  one  part  is  doubled  or 
altered  in  any  region,  e.g.,  by  hare-lip,  cerebral  hernia,  hydrops,  reten- 
tion of  urine,  etc. ;  (d)  to  a  defect  of  parts,  when  in  one  twin  the  head 
or  head  and  trunk  are  wanting  and  the  pelvic  limbs  alone  remain,  or 
,the  trunk  may  be  wanting,  and  the  head,  with  a  part  of  the  neck, 
may  adhere  to  the  autosite.     (4)  Twins  of  the  human  species  may 
adhere  to  any  portion  of  the  anterior  or  lateral  aspects  of  the  body, 
but  only  to  the  sacral  region  on  the  posterior.     In  mammals  they  may 
adhere  to  any  part  of  the  body.     (5)  Partial  duplicity,  more  or  less 
asymmetrical,  of  the  viscera  or  limbs,  where  the  theory  of  two  embryos 
would  be  absurd,  is  generally  explained  by  a  division  of  the  duplicated 
part.     The  author  would  substitute  for  this  hypothesis — (a)  an  arrest 
of  development,  as  in  uterus  didelphus ;  (6)  a  post-generative  dicho- 
tomy by  a  double  gemmation,  as  in  accessory  adrenals  or  polymastia ; 
(c)  division,  as  in  the  case  of  a  nose  divided  by  amniotic  band.     (6) 
There  are  some  cases  in  which  the  origin  by  division  or  duplicity  is 
doubtful  or  erroneous,  e.g.,  an  accessory  cerebral  lobe,  double  heart, 
,  accessory   limb   on    the    scapula  or  ilium,    double    penis,   multiple 
duplicity,  external  or  internal.     (7)  There  are  not  sufficient  data  to 
determine  whethor  symmetrical  or  asymmetrical  duplicity  is  the  more 
common.     (8)  The  most  common  form  of  asymmetrical  duplicity  in 
man  is  the  teratoma,  which  may  be  found  in  all  regions  of  the  auto- 
site, but  especially  in  three  places — the  mouth,  the  abdomen,  and  the 
sacrum.     In  animals,  teratomata  are  rarely  found  in  these  positions. 
(9)  The  presence  of  supernumerary  limbs  attached  to  the  scapula  or 
ilium  is  much  more  common  in  man  than  in  animals.     Such  limbs 
are  found  not  only  in  the  vicinity  of  the  normal  limbs,  but  also  in 
other  parts  of  the  autosite,  constituting  those  forms  of   heterotopia 
known  as  Cephalomelia,  Notomelia,  Gastromelia,  etc.     These  forms  of 
parasitism  are  fairly  common  amongst  calves  and   lambs.     (10)  In 
man  and  animals  are  found,  with  less  frequency   than  teratomata, 
parasites  with  no  head,  or  an  imperfect  one,  which  adhere   to  the 
thorax  or  abdomen  or  pelvis  of  the  autosite,  analogous  to  the  acephali 
and   paracephali  which  are  met  with  amongst  the  Acardiaci.     (11) 
Hitherto  few  cases  have  been  met  with  in  man  of  a  parasite  consisting 
of  a  head  and  neck  without  limbs  or  trunk  (Cephalo-pseudo-acormus) 
adhering  to  the  head  or  epigastrium  of  the  autosite.     Such  cases  may 
resemble   the   Cephalo-acormi,   also   of  very  rare   occurrence.     (12) 
Duplicity  of  the  bony  parts  may  occur  without   duplicity  of  the 
corresponding  external  parts.     In  the  face  the  number  of  mandibles 
may  be  increased   with  or  without  an  increase  in  the  number  of 
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mouths.  This  form  of  duplicity  is  rare  in  man,  more  common  in 
sheep  and  calves.  Berokammer  (xiii.)  found  in  the  pelvis  of  a  child, 
which  also  had  a  dilatation  of  the  bladder,  a  true  teratoma  with  a 
connective-tissue  capsule.  He  describes  it  as  a  case  of  inclusio 
foBtalis.  It  lay  between  the  bladder  and  the  rectum  in  the  true  (lelvis, 
and  was  partly  solid  and  partly  cystic.  Muzio  describes  (xiv.)  a 
teratoma  of  the  liard  palate^  about  an  inch  in  diameter,  which 
occurred  in  a  new-born  child.  The  principal  part  of  the  tumour 
consisted  of  adipose  tissue,  with  connective- tissue  trabeculae.  It 
possessed  large  vessels  and  a  small  quantity  of  striped  muscular 
tissue.  It  was  covered  with  skin,  supplied  with  hair-bulbs,  arrectores 
piioruni,  and  sweat-glands. 

Sangalli  (xv.)  narrates  a  case  in  which  the  head  and  neck  of  a  . 
young  fowl  were  found  growing  from  the  left  side  of  the  crop  of  a 
pullet  nine   months  old.     The  author  regards   this  case,  which  is 
apparently  unique,  as  one  of  gastric  teratoma^  analogous  to  an  epi- 
gnathus. 

IV.  Head  and  Neck. 

V.  MoNAKOW  (xvi.)  gives  an  account  of  a  case  of  cyclopia^  in  which 
there  were  some  remarkable  facts  observed  in  connection  with  the 
nervous  system.  Both  eyeballs  were  in  the  same  orbit,  and  were 
united  to  one  another,  and  there  was  a  very  slight  cartilaginous  rudi- 
ment of  a  nose.  The  central  nervous  system  presented  the  following 
noteworthy  peculiarities : — (a)  There  was  a  single  hemisphere,  with 
no  trace  of  a  longitudinal  fissure,  and  only  a  few  slight  cross  depres- 
sions upon  its  surface.  There  was  no  sign  of  olfactory  tract  nr  bulb, 
or  of  corpus  striatum.  The  anterior  pillars  of  the  fornix  were  present 
with  medullated  fibres.  There  was  only  an  indication  of  an  anterior 
commissure  without  medullated  fibres.  (//)  The  optic  thalami  were 
both  present  and  fairly  normal,  the  right  being  slightly  smaller  them. 
the  left.  The  ganglion  habenulaj  and  the  taeniae  were  well  developed. 
The  development  of  the  nerve  cells  in  different  parts  of  the  thalamus 
was  very  unequal.  The  tuber  cinereum  and  corpora  mammillaria  were 
present ;  the  cerebral  peduncles  failed  on  both  sides.  Two  small  optic 
tracts  passed  to  the  middle  line,  where  they  united  to  form  a  single 
optic  nerve,  which  on  microscopic  examination  showed  a  crossing  of 
some  of  the  fibres,  (c)  The  mid-brain  was  chiefly  represented  by  the 
lamina  quadrigemina,  on  which  the  longitudinal  groove  was  tolerably 
well  marked.  The  transverse  was  absent,  {d)  The  remainder  of  the 
brain  showed  two  abnormal  curves,  a  second  basal  and  a  second 
dorsal,  and,  as  a  consequence,  a  great  part  of  the  cervical  cord  was 
invaginated  in  a  hernial  manner  over  the  met-  and  epencephalou, 
between  the  rudiments  of  the  cerebellum.  In  spite  of  this,  the  later 
development  of  the  cervical  cord,  the  met-  and  epencephalon  had 
net  been  seriously  interfered  with,  but  the  cord  lay  between  the 
halves  of  the  cerebellum,  and  formed  the  roof  of  the  fourth  ventricle. 
The  separated  cerebellar  hemispheres  each  possessed  one-half  of  the 
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medulla  oblongata,  an  interspace  existing  between  the  two  parts. 
There  was  no  pons.  The  dorsal  part  had  in  its  intracranial  portion 
a  longitudinal  fissure,  which  developed  in  that  part  of  the  cord  which 
lay  in  the  spinal  canal  into  two  independent  cords,  each  with  its  own 
central  canal.  In  the  lumbar  region  the  development  of  the  two  cords 
was  most  marked,  each  being  of  much  the  same  size,  but  further 
forward  the  right  cord  was  the  smaller,  and  lay  dorsal  to  the  left. 
(e)  All  the  cranial  nerves  coming  from  the  medulla  were  present,  and 
paired.  (/)  Various  tracts  of  medullated  fibres  were  met  with,  some 
highly  irregular,  but  others  recognisable.  With  regard  to  the  origin 
of  the  abnormalities,  no  traces  of  pathological  action  were  discover- 
able, and   the  author  thinks  the  disturbance  must  have  occurred 

.in  the  first  week  of  life.  It  is  remarkable  that  the  central  nervous 
system  should  have  proceeded  so  far,  and  in  many  ways  also  so  nor- 
mally in  its  development,  considering  the  early  period  at  which  it 
was  affected,  and  the  disadvantageous  conditions  under  which  it  had 
to  develop.  A  further  description  of  the  conditions  met  with  in  the 
nervous  system  of  this  foetus  is  given  by  Naegeh  (xvii.).  Levi  (xviii.) 
describes  the  brain  in  a  case  of  idiocy,  due  to  arrest  of  development. 
The  child,  a  female  aged  3,  had  a  very  small  brain,  the  weight  being 
only  250  grammes,  which  is  the  normal  weight  at  the  time  of  birth. 
The  convolutions  were  extremely  simple,  the  ascending  frontal  was 
connected  with  the  second  by  an  annectant  gyrus,  and  the  second, 
third,  and  first  were  connected  with  one  another  anteriorly.  There 
were  apparently  no  olfactory  bulbs  at  the  end  of  the  tracts.  Claisib 
,  and  Levi  (xix.)  have  examined  microscopically  the  choroid  plexuses 
in  a  case  of  internal  hydrocephalus  in  a  child  set.  3,  and  compared 
them  with  those  from  normal  brains  of  the  same  age.  The  former 
showed  a  distinct  and  well-marked  hypertrophy,  which  the  authors 
think  may  have  been  the  cause  of  the  hydrocephalus.  Saint-Rbmy 
(xx.)  describes  an  embryo  which  had  been  accidentally  obtained  in  an 
over-heated  incubator.  It  showed  torsion  of  the  axis  of  the  body  with 
anencephalus,  and  was  of  the  development  of  the  third  day,  though  it 
had  been  only  45  hours  in  the  incubator.  In  the  cerebral  region  the 
development  was  normal,  except  that  the  medullary  plates  had  not 
folded  over  and  united,  but  remained  horizontally  extended.  In  the 
mid-brain,  on  each  side  of  the  external  borders  of  the  medullary  plate 
were  paired  epithelial  buds,  of  which  the  anterior  were  the  larger.  As 
to  the  nature  of  these  outgrowths,  he  points  out  that  observations 

'  upon  fishes  and  reptiles  show  that  the  development  of  the  epiphysis 
and  paraphysis  was  originally  paired,  but  that  exaggerated  growth  of 
one  leads  to  a  failure  to  develop  of  the  other.  Here  it  appears  that 
the  want  of  union  of  the  borders  of  the  medullary  groove  had  restored 
independence  of  action  to  the  two  borders,  and  replaced  them,  in  a 
certain  sense,  in  their  primitive  condition.  This  observation,  therefore, 
seems  to  show  that  the  actual  method  of  development  of  the  epiphysis 
and  paraphysis  of  birds  by  means  of  a  single  evagination  has  been 
preceded  by  a  method  of  development  by  paired  e vagina tions  analogous 
to  that  which  has  been  observed  in  certain  fishes. 
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Collins  and  Rouston  (xxi.),  as  the  result  of  their  examination  of 
seven  microphtlialmie  eyes  with  protrusion  of  the  retina  through  a  gap 
in  the  choroid  and  sclerotic,  state  that  the  amount  of  the  protrusion 
may  vary  from  a  small  knuckle  up  to  two-thirds  of  the  memhrane. 
The  site  of  the  protrusion  was  nearly  always  at  the  lower  and  posterior 
part  of  the  glohe.  In  some  of  the  cases  the  vitreous  was  very  imper- 
fectl}**  developed,  heing  replaced  hy  a  kind  of  fihrous  tissue,  wiUi 
blood-vessels  coursing  through  it  In  one  case  a  plate  of  hyaline  car- 
tilage was  found  embedded  partly  in  the  choroid  and  partly  in  the 
sclerotic.  Sometimes  the  protruded  folds  of  retina  formed  fluid- 
eon  taining  cysts. 

Vossius  (xxii.)  describes  a  microphtludmic  eye  removed  from  a  girl 
»t.  9.  The  rudimentary  lens,  which  chiefly  consisted  of  a  strongly  ^ 
folded  capsule,  lay  in  the  anterior  chamber  in  front  of  the  iria.  It 
was  connected  posteriorly  with  a  fibrous  string  containing  the  hyaloid 
artery.  In  the  folds  of  the  capsule  were  swollen  epithelial  elements 
and  vessels  containing  blood-corpuscles.  The  folds  were  united  to  the 
posterior  surface  of  the  cornea  and  the  pupillar  border  of  the  iris. 
The  pigmented  epithelium  was  richly  supplied  with  glands.  The 
choroid  was  atrophic  in  places  in  its  anterior  segment^  and  was  filled 
with  masses  of  round  cells. 

v.  Lkonowa  (xxiii.).  The  result  of  this  author's  observations  on 
cases  of  anophthalmia  is  to  show  that  the  fourth  layer  of  the  calcariue 
cortex  is  in  a  high  degree  related  to  the  integrity  of  the  eye.  This 
observation  is  of  considerable  importance  from  a  general  embryologi- 
cal  and  physiological  standpoint,  since  it  points  to  the  fact  that  the  ' 
elements  of  the  fourth  layer  (certainly  besides  other  nerve  elements 
which  lie  scattered  in  the  remaining  layers  of  the  occipital  cortex,  and 
which  are  also  absent  in  cases  of  anophthalmia)  play  a  very  special 
part  in  the  function  of  vision.  (N.B, — A  reference  to  a  former  paper 
by  this  author  of  a  kindred  nature  will  be  found  in  Report  IV.,  No. 

...      V 

xvin.) 

De  Boris  calls  attention  (xxiv.)  to  the  rarity  of  the  coincidence  of 
hare-lip  with  angioma  of  the  lip.  He  describes  a  case  of  his  own,  and 
cites  another  recorded  by  Lannelongue  (Arch.  Ghi.  de  Mid.^  1883,  1, 
p.  397).  GivKL  (xxv.)  describes  a  tumour  which  he  removed  from 
the  gum  of  a  new-born  infant.  It  was  smooth,  tense,  elastic,  and 
covered  with  mucous  membrane.  It  measiired  1*5  by  1*0  cm.,  and 
might  be  classified  as  a  granuloma  or  sarcoma.  There  had  been  no  . 
recurrence  at  the  end  of  six  years.  F^r^  (xxvi.)  thinks  that  the 
occipital  vortex  of  hair  over  the  obelion  corresponds  to  the  sntenor 
extremity  of  the  dorsal  groove,  where  it  forms  a  sort  of  anterior  dorsal 
umbilicus,  in  a  manner  analogous  to  the  fossa  and  vortex  of  hairs 
often  found  at  the  sacro-coccygeal  region.  The  occipital  vortex  is 
rarely  median,  and  often  presents  lateral  deviations  to  an  extent  of 
20  or  30  mm.,  the  deviation  being  more  often  to  the  right.  It  may 
be  double  ;  and  this  form,  which  is  possibly  hereditary,  is  frequent  in 
some  classes  of  degenerates.  It  may  be  explained  by  supposing  that 
the  closure  of  the  groove  has  not  commenced  exactly  at  its  anterior 
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extremitj.     T)ie  sacro-coccygeal  fassa  also  presents  occasional  lateral 
deviations,  and  may  be,  though  rarely,  doubled. 

Blanc  (xxvii.)  has  a  paper  on  the  cervical  appendages  (pendeloques, 
breloques)  which  are  met  with  in  the  goat  and  other  animals  below 
the  parotid.  In  the  goat  each  of  these  contains  a  plate  of  elastic 
cartilage  identical  with  that  of  the  pinna :  it  usually  possesses  a  few 
small  intrinsic  muscles  and  four  extrinsic,  three  pannicular  and  one 
deep,  the  last  passing  from  the  summit  of  the  cartilage  between  the 
two  divisions  of  the  sterno-mastoid,  to  be  finally  inserted  into  the 
posterior  surface  of  the  pharynx.  It  is  innervated  by  two  filaments 
from  the  second  cervical  nerve  and  by  one  from  the  hypoglossal.  A 
microscopic  examination  of  a  goat  embryo  of  the  sixth  week  showed 
no  trace  of  this  cartilage,  from  which  the  author  argues  that  it  is  not 
'part  of  the  primitive  branchial  apparatus,  but  something  superadded. 
In  the  pig  these  appendages  and  an  abnormal  cervical  fistula  (canal  de 
goyon)  are  most  common  in  autochthonous  races,  as  they  disappear 
under  the  care  of  the  breeder.  In  some  cases  the  former  exist  only 
as  simple  hair-clad  tubercles.  The  canal  is  a  small  passage  at  the 
lower  part  of  the  parotid,  2*0  to  3*0  cm.  deep,  and  blind.  Zundel 
thought  that  it  was  an  imperfectly  closed  branchial  cleft,  but  it  is  not 
met  with  in  the  foetus,  or  even  in  very  young  pigs.  The  author 
considers  it  to  be  an  invagination  of  the  skin,  which  at  a  certain 
point  is  adherent  to  the  sterno-mastoid.  As  the  fat  increases^  the 
adherent  portion  is  gradually  drawn  in  so  as  to  form  the  blind  end  of 
a  tube:  thus  its  origin  is  not  referable  to  the  branchial  apparatus. 
In  the  dog  the  warts  on  the  face  which  are  so  constant  represent  the 
appendages.  These  appendages  are,  he  thinks,  derivatives  of  the 
branchial  system  :  the  singular  deep  muscle  follows  the  course  of  the 
cleft,  passing  between  the  thyro-hyal  (third)  and  stylo-hyal  (second) 
arches,  and  therefore  belongs  to  the  second  cleft.  It  is  innervated  by 
the  hypoglossal.  The  appendage  therefore*belongs  to  the  external  part 
of  the  second  cleft,  and  is  the  rudiment  of  a  branchial  ear,  homologous 
with  the  pinna.  Thus  they  are  identical  with  the  supernumerary 
auricles  of  man.  Their  appearance  is,  he  thinks,  purely  teratologics!, 
but  they  are  highly  hereditary.  (Note, — A  full  discussion  of  these 
appendages,  with  notices  of  the  literature,  will  be  found  in  Bland 
Sutton's  work.  Evolution  and  Disease,  pp.  Si  et  seq.) 


V.  Thorax. 

GuENiOT  (xxviii.)  describes  a  case  of  supernumerary  breast  in  a  man, 
which  was  situated  a  hand's-breadth  internal  to  the  posterior  border 
of  the  axilla,  on  the  posterior  surface  of  the  scapula,  and  not  far  from 
its  inferior  angle.  It  consisted  of  a  small  but  distinctly  projecting 
nipple,  surrounded  by  a  strongly  pigmented  areola,  about  the  size  of 
that  of  the  normal  male  breast,  and  surmounted  by  several  long  hairs. 

ScHiiiDT  (xxix.)  has  a  paper  interesting  in  connection  with  the 
subject  of  supernumerary  mamm^.     He  states  that  in  human  embryos* 
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of  about  15  mm.  in  length,  a  line  of  elevated  epithelium,  1*0  to  1'5 
mm.  iu  breadth,  is  to  be  found  on  the  side  of  the  thorax  and  abdomen, 
as  well  as  on  the  shoulder  and  pelvic  girdles,  at  the  boundaries  between 
the  trunk  and  the  extremities.  This  line  he  calls  the  milk-stxeak. 
Within  or  along  this  streak  are  to  be  found  in  the  normal  positions 
the  aulagen  of  mammas  of  a  conical  or  lenticular  form.  In  the  region 
of  the  same  streak  appear  in  longer  embryos,  of  from  26  to  GO  mm.  in 
length,  epithelial  aulagen  of  various  sizes  and  positions,  which  must 
be  looked  upon  as  the  earliest  stages  of  supernumerary  mUk-glands. 
He  has  found  these  anlagen  in  the  region  of  the  axilla,  ou  the 
anterior  and  lateral  walls,  of  the  thorax,  and  in  the  inguinal  region ; 
iu  fact,  in  those  places  where  hyperthelia  and  hypermastia  most 
frequently  occur  iu  the  adult.  The  condition  of  normal  hyperthelia 
in  the  human  embryo  disappears  in  the  process  of  development.  ' 
{Note. — These  observations  supplement  and  correct  those  alluded  to 
in  the  Keport  of  last  year.)  Hoffmann  (xxx.)  gives  an  instance  of 
absence  of  tJie  sternal  part  of  the  right  pectaralis  major  muscle  iu  a 
man  set.  47.  The  clavicular  part  and  the  pectoralis  minor  were  well 
developed.  The  right  upper  extremity  was  somewhat  smaller  than 
the  left,  the  fingers  were  claw-like,  and  some  of  the  joints  were 
ankylosed.  Webs  existed  between  index  and  medius,  medius  and 
annularis,  and  annularis  and  minimus,  the  last  being  the  most 
extensive.  This  abnormality,  he  says,  occurs  most  commonly  in  the 
male,  and  on  the  right  side.  {Note. — Other  cases  will  be  found  in 
former  Reports,  viz.,  I.,  Nos.  16,  17, 18 ;  III.,  Nos.  Iv.  and  Ivi,;  IV., 
Kos.  xxiii.,  xxi7.)  Fletcher  (xxxi.)  describes  a  congenital  cyst  of  the 
anterior  mediastinum^  of  the  size  of  a  bantam's  e^g^.  It  was  loosely 
connected  with  the  left  bronchus,  and  more  firmly  with  the  cesophagas. 
It  contained  a  glairy  milky  fluid,  and  was  lined  with  columnar  ciliated 
epithelium.  It  contained  two  layers  of  unstriped  muscular  tissue, 
circular  and  longitudinal  respectively,  but  no  cartilage.  Birmingham 
(xxxi.)  gives  the  following  statement  as  to  irreffulariiies  of  the 
sternum  \ — The  majority  of  sterna — viz.,  87  p.c. — are  asymmetrical, 
while  about  13  p.c.  are  approximately  symmetrical.  The  most  notable 
irregularity  is  a  depression  of  the  clavicular  facet,  accompanied  by  a 
corresponding  diminution  of  the  vertical  depth  of  the  sternum  on  the 
same  side,  present  on  the  right  side  in  50  p.c.  of  stenia,  and  on  the 
left  side  in  37  p.c.  The  interval  between  the  articular  facets  for  the 
first  and  second  rib  cartilnges  is  usually  less  on  one  side  than  the 
other,  being  narrower  on  the  right  side  in  about  44  p.c.  and  equal  in  • 
about  28  p.c,  of  the  sterna.  In  the  majority  of  sterna  the  symphysis 
between  the  manubrium  and  gladiolus  is  oblique,  sloping  downwards 
on  the  right  side  more  frequently  than  on  the  left.  Finally,  there  is, 
in  about  59  p.c.  of  sterna,  a  longitudinal  curve  traversing  the  whole 
bone,  the  convexity  of  which  is  directed  a  little  more  frequently  to  the 
right  than  to  the  left.  Pflanz  (xxxii.)  describes  the  history  of  a  case 
of  dermoid  cyst  of  the  anterior  mediastinum^  and  gives  details  of 
twenty-four  other  cases  collected  from  the  literature  of  the  subject, 
from  which  he  deduces  the  following  facts :— Males  were  affected  in 
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about  equal  proportion  to  females.  The  cyst  usually  occupied  the 
upper  part  of  the  anterior  mediastinum,  and  extended  upwards,  or  more 
frequently  downwards  and  to  one  side,  so  as  to  compress  the  lun$]^.. 
The  size  varied,  but  in  one-half  of  the  cases  it  was  very  considerable. 
Sometimes  only  a  few  cysts  were  present,  at  others  the  tumour  con- 
sisted of  a  complicated  multilocular  cyst  The  cyst  wall  usually  re- 
sembled  ordinary  skin.  The  author  considers  that  the  origin  of  these 
tumours  is  to  be  referred  to  the  thymus,  including  the  third  branchial 
cleft,  which  would  explain  the  presence  of  cylindrical  and  ciliated 
epithelium.  The  so-called  dermoids  of  the  lung  are  really  only  cases 
of  extension. 

Earaban  and  Schuhl  (xxxiv.)  add  another  to  the  list  of  cases  of 
.obliteration  of  the  aortic  orifice  (for  a  further  account  of  which  the 
abstract  of  a  paper  by  Apert  in  last  year's  Report  may  be  consulted). 
The  child  in  this  case  lived  five  days.  An  impermeable  diaphragm 
was  found  to  occupy  the  position  of  the  aortic  valves.  The  inter- 
ventricular septum  was  imperforate,  and  the  foramen  ovale  was 
slightly  open.  Coyon  (xxxv.)  describes  the  heart  of  a  child  aged  13 
months,  in  which  the  aorta  and  pulmonary  artery  both  sprang  from 
the  right  ventricle.  The  former  was  very  small,  the  latter  very  large. 
The  interventricular  septum  was  very  slightly  developed,  so  that  the 
organ  might  really  be  regarded  as  being  uni ventricular.  The  same 
author  (xxxvi.)  gives  another  case  of  a  cardiac  malfarmaJtion,  There 
was  transposition  of  the  great  arteries,  without  perforation  of  the 
ventricular  septum  ;  thus  the  right  heart  supplied  the  greater  and  the 
left  the  lesser  circulation.  Persistence  of  the  foramen  ovale  and 
ductus  arteriosus  permitted  some  mixture  of  the  blood.  The  heart 
itself  must  have  been  supplied  with  venous  blood,  for  the  coronary 
arteries  came  off  from  the  aorta.  The  child  lived  fourteen  months  in 
a  cyanosed  condition. 

VI.  Abdomen. 

Champnbts  and  Power  (xxxvii.)  give  an  account  of  a  case  in  which 
a  complete  septum  of  mucous  membrane  occluded  the  duodenum 
immediately  above  the  opening  of  the  bile-duct.  The  portion  above 
the  septum  was  distended  into  a  sac.  Kops  (xxxviii.)  describes  a 
congenital  tumour  of  the  size  of  a  marble,  and  of  cartilaginous  hard- 
ness, situated  at  the  position  of  the  pylorus.  It  consisted  of  greatly 
hypertrophied  muscular  tissue,  the  hypertrophy  extending  even  to 
the  muscularis  mucosae.  Sangalli  (xxxix.)  describes  two  cases  of 
abnormalities  of  the  pancreas, — (a)  an  accessory  lobe  projecting  from 
the  upper  border  of  the  organ ;  (b)  double  pancreas,  one  part  lying 
in  front  of  the  other.  The  two  portions  were  united  near  the  neck 
of  the  organ,  the  two  tails  both  reaching  to  the  spleen.  The  same 
paper  contains  notes  on  cases  of  abnormalities  of  the  testicles:  (a) 
absence  of  the  left  testicle;  (h)  duplicity  of  the  right  testicle  in  a 
man.  In  connection  with  this  case  he  notes  one  which  he  had 
previously  published  of  duplicity  of  the  left  testicle  in  a  child. 
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Stbckmbtz  (xL)  records  a  case  of  rudimentary  penis.  There  was  a 
scrotum  with  testicles,  and  in  the  situation  of  the  penis  a  wart  with 
a  groove  on  it,  but  imperforate.  (The  child  passed  urine  per  rectum.) 
Under  the  wart-like  structure  (subcutaneously)  there  was  what 
appeared  to  be  a  rudimentary  penis.  On  operating,  this  was  found 
to  be  a  normal  but  imperforate  glans.  A  list  of  similar  cases  is 
given. 

CioPFi  (xli.)  gives  a  case  of  double  penis  co-existing  with  atresia 
ani.  There  were  two  well-formed  penes,  each  with  a  urethra,  corpora 
cavernosa,  glans,  and  prepuce.  Connected  with  one  was  a  testicle, 
with  the  other  an  empty  scrotal  pouch.  Faeces  and  urine  were  passed 
from  both  urethral  orifices.  (Note. — Other  cases  of  double  penis  will 
be  found  recorded  in  Beport  VI.,  Nos.  xxviii.  and  xxix.) 

Kbausb  (xlii.)  describes  a  case  of  congenital  prolapsus  uteri,  where 
there  was  also  spina  bifida  and  prolapsus  aui.  He  states  that  only  four 
cases  of  congenital  prolapsus  uteri  have  been  properly  described,  and 
notes  that  spina  bifida  co-existed  in  all  of  them.  Maniscalco  and 
TiTONB  (xliii.)  narrate  a  case  of  absence  of  the  vagina  and  uterus. 
The  female  was  aged  45.  There  was  only  one  kidney,  of  double  the 
normal  size,  which  lay  transversely  across  the  sacral  promontory,  and 
was  provided  with  a  very  large  ureter.  The  vestibule  ended  in  a 
cul-de-sac 'y  not  even  microscopic  examination  revealed  any  trace  of 
uterus  or  vagina.  There  were,  however,  a  pair  of  tubes  with  fimbri- 
ated extremities,  which  lay  attached  to  the  left  side  of  the  kidney, 
and  which  evidently  were  the  Fallopian  tubes.  The  ovaries  were 
present. 

Cavassb  (xliv.)  gives  the  details  of  a  case  of  atresia  of  the 
inferior  vena  cava.  Unfortunately  only  the  right  side  was  examined, 
but  that  revealed  a  curious  state  of  affairs.  The  .inferior  vena  cava 
terminated  below  the  renal  veins  in  a  cone,  from  which  depended  a 
continuation  which  shortly  became  an  impervious  fibrous  cord.  The 
spermatic  rein  opened  into  the  conical  termination  of  the  vena  cava, 
and  it  was  by  means  of  this  vein  that  the  blood  from  the  lower 
extremity  reached  the  heart.  There  was  no  communication  between 
the  vena  cava  and  the  right  femoral  vein  save  through  this  enlarged 
spermatic,  with  which  the  femoral  was  connected  by  the  anastomosis 
of  the  pubic  veins.  The  condition  is  explicable  by  an  arrest  of 
development  of  the  lower  part  of  the  right  posterior  cardinal.  It  is 
unfortunate  that  the  limited  nature  of  the  examination  did  not  render 
it  possible  to  ascertain  the  course  of  the  blood  on  the  left  side,  but 
it  is  probable  that  it  was  similar  to  that  on  the  right. 


VI  I.   EXTBEMITIES. 

Mbunibr  (xlv.),  a  case  of  aynelia.  The  child,  which  lived  two 
mouths,  had  uo  arms  nor  legs.  ScapuldB  and  clavicles  were  present.- 
The  right  lower  limb  was  represented  by  a  fleshy  appendage  with  two 
toes  prpvided  with  nails.     It  contained  five  pieces  of  cartilage,  of 
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vbich  the  upper  two  were  atypical;  the  lower  three  somewhat  re- 
sembled phalanges,  and  were  partly  ossified.  The  two  glenoid  cavities 
when  examined  resembled  half  spheres,  each  about  the  size  of  the 
head  of  a  foetal  humerus.  A  careful  examination  was  made  of  the 
nervous  system,  to  see  how  it  compared  with  that  of  a  normal  child 
of  the  same  age.  On  a  naked-eye  examination  of  the  cord,  the 
cervical  and  dorsal  regions  of  the  amelic  foetus  appeared  to  be  larger 
than  that  of  the  normal,  the  reverse  being  the  case  in  the  lumbar 
region.  The  following  table  shows  the  relative  volumes  of  grey 
axis : — 

Amelic.  Normal. 

Cervical  enlargement,  4th  root,  .  1  -6    mm.  1  '75  mm. 

7th    „  .  2-19   „  2-30  „ 

Dorsal  cord, 1*60    „  1*29    „ 

Lumbar  enlargement,  4th  root,  .  2*04    „  2*16   „ 

Thus  there  was  a  slight  arrest  of  development  of  the  grey  matter 
in  the  enlargements.  Microscopic  examination  showed  a  very  slight 
difference  in  the  number  of  motor  cellsj  which  were  slightly  fewer 
in  the  amelic  foetus,  but  their  other  characteristics,  situation,  dimen- 
sions, form,  and  staining  possibilities  were  absolutely  identical. 

Struthbrs  (xlvii.),  in  a  paper  on  separate  acromion  procest,  inclines 
to  the  belief,  after  a  careful  examination  of  the  evidence,  that  these 
cases  are  best  explained  *as  being  instances  of  fracture,  and  not  of  sepa- 
ration of  epiphysis.  '  Tilanus  (xlviii.)  deals  with  the  subject  of 
'  SprengeVa  deformity  (described  in  Arch,  /.  Chir.,  1891).  It  consists 
in  a  congenital  displacement  headwards  of  the  shoulder-blade ;  and  in 
the  four  cases  in  which  the  original  observer  met  with  it,  it  was  in 
each  instance  on  the  left  side.  Since  the  first  description,  other  authors 
have  recorded  cases,  e.g,,  Wolffheim  (Zts,  /.  Orthop.  Chir.,  1896), 
fifteen  cases — ^nine  left,  six  right.  Tilanus  describes  three  further 
cases,  all  of  the  left  side.  He  thinks  that  the  condition  may  possibly 
be  due  to  an  abnormal  situation  of  the  child  in  the  uterus.  Taruffi 
(xlviii.)  describes  a :  case  of  partial  cnjptomdia  in  a  foetus,  where 
there  was  encephalocele  with  serious  facial  defects,  and  also  extensive 
thoracico-abdominal  fissure  with  protrusion  of  the  liver.  The  humeral 
part  of  the  right  arm  was  covered  with  the  skin  of  the  thorax,  by 
which  it  was  bound  down  to  the  ribs.  The  forearm  and  hand  (which 
^had  no  poUex)  projected  free.  The  poUex  was  also  absent  on  the  left 
hand.  Jbannb  (Ixix.)describes  a  case  of  hrachydadyly  of  the  right  index 
finger,  the  only  abnormality  in  a  male  set.  45.  It  measured  4  cm. 
from  the  head  of  the  metacarpal  to  the  tip,  the  medius  measuring  over 
the  same  extent  9*5  cm.  The  metacarpal  of  the  index  measured 
5*5  cm.  and  that  of  the  medius  7*0  cm.  The  atrophy  chiefly  affected 
the  first  phalanx,  which  was  reduced  to  the  condition  of  a  bony  ring, 
7  mm.  thick  at  its  maximum,  and  perforated  at  the  centre.  The 
second  phalanx  was  14  mm.  long.  The  ungual  phalanx  was  much 
less  atrophic  than  the  others,  and  the  muscles  were  all  quite  normal. 
KiDLON  (I.)  gives  the  following  instances  of  deformities  produced  by 
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condrietion  hands:— ^(a)  A  child  in  which  the  middle  finger  of  the 
left  hand  was  amputated  at  the  end  of  the  proximal  phalanx ;  the 
right  middle  finger  waa  similarly  affected ;  there  was  a  coustriction  on 
the  right  little  finger  above  the  root  of  the  nail,  a  constriction  around 
the  left  great  toe,  and  finally  a  constriction  around  the  right  ankle, 
i"  deep  anteriorly  and  {■"  deep  posteriorly  and  internally,  (b)  A  case 
of  congenital  amputation  of  both  legs  at  the  knee,  and  of  the  left  arm 
at  the  elbow,  (c)  In  another  child — (1)  right  hand,  a  constriction 
groove  round  the  middle  finger ;  (2)  left  hand,  all  the  middle  finger 
beyond  the  distal  end  of  the  proximal  phalanx  was  represented  only  by 
<*  a  mere  thread,"  which  the  mother  removed ;  (3)  right  foot^  the  distal 
phalanx  of  the  great  toe  was  amputated,  and  the  distal  and  adjacent 
phalanx  of  the  second  toe  ;  the  third  toe  had  no  nail ;  (4)  left  foot, ' 
the  great  and  second  toes  were  amputated  as  on  the  right  side.  The 
third  toe  was  much  the  largest,  and  had  a  constriction  band  surround- 
ing the  second  phalanx.  Crawford  (li.)  gives  a  case  of  ectrodactyly 
in  a  Hindu  child  set.  2^  years.  The  hands  were  centrally  split  up  as 
far  as  the  wrist,  between  the  metacarpal  bones.  On  the  rights  the 
pollex  and  index  formed  one  claw,  and  the  minimus  (?)  the  other ; 
there  were  only  three  digits.  On  the  left  there  were  two  claws,  each 
consisting  of  two  digits.  There  was  no  hereditary  influence  traceable. 
Cr^mazy  (lii.)  deals  in  his  thesis  with  the  subject  of  Polydactyly. 
He  gives  a  general  account  of  the  subject,  together  with  some  new 
cases,  of  which  the  following  are  the  most  interesting : — (a)  A  case  of 
trimerous  pollex :  there  were  three  distinct  phalanges,  of  which  the 
first  and  second  were  ankylosed  at  their  articulation.  There  was  also 
a  small  supernumerary  index  included  in  the  same  fold  of  skin  as  the 
true  index.  (Note. — For  the  literature  of  trimerous  pollex,  see 
former  Reports ;  a  paper  by  the  reporter  in  this  Journal^  voL  xxvi 
p.  100 ;  and  Bateson,  '^  Materials  for  the  Study  of  Variation,"  p.  327.) 
(h)  Triple  pollex,  the  supernumerary  members  lying  on  either  side  of 
the  normal,  (c)  A  second  similar  case,  with  a  double  pollex  on  the 
other  hand.  Motta  (iiii.)  has  the  following  observations  upon  fifty 
cases  of  absence  of  tlve  tibia  observed  in  thirty-nine  individuals,  eleven 
cases  being  bilateral.  Nineteen  were  in  males,  nine  in  females,  and 
six  in  foetuses  (sex  not  specified).  The  condition  was  generally 
accompanied  by  deformities  of  other  limbs,  the  femur  of  the  side 
being  usually  altered  in  shape  and  size.  The  patella  was  often  absent, 
also  the  crucial  and  semilunar  ligaments.  The  fibula  was  generally  • 
thickened  at  its  extremities.  Heredity  does  not  appear  to  have  any 
connection  with  this  malformation.  Haven  (liv.)  describes  a  case  of 
congenital  dislocation  of  both  knees  in  a  female.  There  was  no 
patella  to  be  felt  on  either  side,  the  legs  were  hyperextended  so  that 
the  toes  touched  the  abdomen,  and  the  heads  of  the  tibise  were  dis* 
located  forwards. 

PoTEL  (Iv.)  deals,  in  a  lengthy  and  valuable  thesis,  with  congenital 
nwlformaiions  of  the  knee.  He  concludes  as  follows : — Bony  nuUfor- 
niations, — Both  parts  of  the  skeleton  may  be  affected.  (1 )  Superior  seg- 
ment— the  femur  may  be  absent^  its  lower  extremity  may  be  bif urcatedy 
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or  its  condyles  malformed.  (2)  Inferior  segment — the  tibia  or  femur 
or  both  may  bo  absent,  or  the  tibia  may  be  bifurcated.  These  mal- 
formations may,  he  thinks,  be  caused  by  amniotic  bands,  but  in  the  great 
majority  of  cases  he  believes  them  to  be  due  to  arrests  of  development, 
probably  produced  by  an  infection.  Malformations  of  muscular  or 
neuro-musctdar  origin. — Extensor  group^genu  recurvatum  is  neither 
a  luxation  nor  an  epiphysary  separation.  It  is  a  hyperextension  of 
the  leg  on  the  thigh,  due  to  a  contraction  of  the  triceps  during 
foetal  life.  The  epoch  at  which  the  triceps  is  affected  is  from  tlie 
third  to  the  fifth  month.  This  affection  is  relatively  frequent. 
Absence  of  the  patella  does  not  constitute  a  definite  morbid  entity. 
It  is  a  common  malformation  which  is  met  with  when  the  triceps  is 
affected  at  the  commencement  of  its  evolution.  Congenital  atrophy  is 
of  the  same  nature.  These  phenomena  are  thus  connected  with  one 
another ;  arrest  of  development  of  the  triceps  before  the  third  month 
— absence  of  the  patella;  after  the  third  month — atrophy  of  the 
patella;  contraction  of  the  triceps — genu  recurvatum.  The  patella 
may  be  divided  into  two  portions  by  the  isolated  action  of  the  vastus 
intemus.  The  case  described  as  absence  of  the  quadriceps  is  rather 
one  of  progressive  atrophy  at  the  muscle.  Flexor  group — these 
muscles  may  be  contracted  at  birth.  Generally  other  groups  are 
affected  at  the  same  time.  lliese  contractions  are  the  result 
of  some  developmentary  disturbance  of  the  nervous  system.  Mai- 
formations  of  ligamentous  origin. — Congenital  dislocation  of  the 
patella,  which  may  be  displaced  upwards,  inwards,  or  may  penetrate 
into  the  joint.  But  the  true  luxation  is  that  which  takes  place  out- 
wards :  this  is  also  by  far  the  most  common,  and  may  exist  under  one 
of  two  forms.  (1)  Intermittent — luxation  only  takes  place  in  extreme 
flexion,  at  other  times  the  position  of  the  bone  is  normal.  (2)  Per- 
manent— the  patella  remains  fixed  upon  the  external  condyle.  The 
etiology  is  very  complex,  the  principal  causes  being  absence  or  mal- 
formation of  the  external  condyle,  extreme  looseness  of  the  ligaments, 
and  the  action  of  the  vastus  extemus.  Congenital  genu  valgum  and 
varum  are  very  rare  as  isolated  conditions,  but  are  often  found 
associated  with  other  malformations.  Their  most  common  cause  is 
an  abnormal  action  of  the  muscles.  Congenital  luxations  of  the  knee 
are  rare :  when  present,  they  may  be  permanent  or  intermittent. 
They  may  be  forwards,  backwards,  outwards,  or  inwards,  but  the 
lateral  displacements  are  less  common. 
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Mammalian  Anatomy.  Part  I. — The  Skeleton  of  tJie  Cat  compared 
with  tJie  Skeleton  of  Man,  By  Horace  Jaynb,  M.D.,  Ph.D., 
Director  of  the  Wistar  Institute  of  Anatomy  and  Biology,  and 
Professor  of  Zoology  in  the  University  of  Pennsylvania.  Phila- 
delphia :  J.  B.  Lippincott  Company,  1898. 

This  carefully  prepared  and  elaborate  monograph  is  well  arranged, 
beautifully  printed,  profusely  illustrated,  and  is  evidently  the  work  of 
one  who  knows  his  subject  minutely  and  practically.  But  one  is 
inclined  to  doubt  that  it  will  serve  the  purpose  for  which  it  is  intended, 
and  this  from  no  fault  of  its  own.  Most  of  those  who  study  Anatomy 
are  medical  students,  and  the  percentage  of  those  who  can  afford  the 
time  to  begin  their  anatomical  course  by  engaging  in  a  detailed 
examination  of  any  type  but  the  human,  is,  unfortunately,  small. 
The  number  of  branches  of  knowledge  which  it  is  necessary  for  the 
unfortunate  aspirant  to  a  medical  degree  to  take  up  is  great  and 
growing,  and  teachers  of  Human  Anatomy  have  to  complain  that, 
owing  to  the  competing  claims  of  other  laboratories,  there  is  an 
increased  difficulty  in  getting  hold  of  their  students  and  compelling 
them  to  do  an  adequate  amount  of  practical  work  in  the  dissecting^ 
room.  It  is  therefore  only  the  favoured  few,  to  whom  time  is  no 
object,  that  can  pursue  the  course  which  Professor  Jayne  suggests, 
and  to  which  he  has  endeavoured  to  attract  them  by  his  comprehensive 
book.  There  is  much  to  be  said  in  favour  of  this  scheme  of  working 
up  from  some  more  generalised  type  to  the  human  body ;  and  for  those 
who  can  adopt  it.  Professor  Jayne's  present  book  and  its  successors 
will  no  doubt  be  helpful.  But  they  are  conceived,  and  this  instal- 
ment is  brought  out,  on  a  scale  as  large  and  elaborate  as  that  of  the 
largest  text-book  of  Human  Anatomy ;  and  the  prospect  of  beginning 
one's  course  by  making  up  789  pages  on  the  cat's  skeleton  is  not  an 
inviting  one  for  the  freshman.  This  great  size  and  the  necessarily 
high  price  of  the  series  will,  we  fear,  prove  an  obstacle  to  their  very 
extended  utility. 

The  work  is  carefully  done,  and  is  deserving  the  attention  of  those 
engaged  in  teaching  Human  Anatomy.  The  figures  are  numerous  and 
clear,  the  digression  on  the  evolution  of  teeth  puts  the  researches  of 
Cope  and  Osborne  clearly  and  concisely ;  and  the  historical  notes  on 
nomenclature,  taken  in  many  cases  from  Hyrtl's  Onomatologia,  are  for 
the  most  part  good. 
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As  Professor  Jayne  has  not  tied  himself  to  the  international  system 
of  nomenclature,  it  is  a  pity  that  he  has  not,  in  some  respects,  adopted 
the  best  names  available.  One  wonders  why  the  lateral  prominences 
appended  to  the  lower  articular  end  of  the  humerus  should  be  called 
condyles  in  the  cat  and  epicondyles  in  man, — cf.  pp.  553  and  564. 
Also  why  perpetuate  the  misleading  and  nowhere  appropriate  name 
'  anterior  intertrochanteric '  line  for  the  upper  end  of  the  linea  spiralis. 
It  never  goes  to  the  lesser  trochanter  in  any  mammal. 

We  note  that  he  uses  the  name  epistropheus  for  the  atlas,  follow- 
ing  Julius  FoUux,  but  it  is  a  pity  to  confuse  the  beginner,  seeing  that 
by  common  consent  the  International  Nomenclature  Committee  have 
applied  it  to  the  axis.  As  Yesalius  says  in  this  connexion : — '*  heo 
nomina  procul  dubio  a  veteribus,  qui  pueros  in  Anatome  exercebant 
manarunt."  The  use  of  *  epistropheus '  for  the  axis,  is,  however, 
much  older  than  Heister.  Eustachius  refers  to  it  under  this  name 
more  than  a  century  before  Heister  was  born  (PipuBcula  Andomica^ 
Yenet.  1563,  p.  239).  This,  however,  is  only  a  small  matter,  and 
does  not  interfere  with  the  utility  of  the  book.  If  the  succeeding 
parts  are  up  to  this  standard,  the  series  will  form  a  reference  work  of 
great  value.  A.  M. 


ASSOCIATION  OF  AMERICAN  ANATOMISTS. 

Upon  the  invitation  of  Cornell  University,  the  Association  met 
at  Ithaca,  N.Y.,  28th  to  30th  December  1897.  Morning  and 
afternoon  sessions  were  held  on  each  of  the  three  days  excepting 
Wednesday,  when  all  the  affiliated  societies  met  in  the  afternoon 
with  the  American  Society  of  Naturalista 

After  a  brief  introductory  by  the  President,  Dr  Frank  Baker, 
Dr  B.  G.  Wilder  read  an  obituary  notice  of  Dr  Harrison  Allen, 
one  of  the  founders  and  presidents  of  the  Association.  The 
report  of  the  Secretary-Treasurer,  Dr  Lamb,  showed  that  there 
were  105  active  and  4  honorary  members.  Dr  Allen  and  Dr 
Wm.  Laurence  Dana  (of  Portland,  Me.)  had  died,  and  Dr  P.  J. 
M*Court,  of  N.Y.  city,  had  resigned. 

The  circular  and  blanks  in  reference  to  the  anatomical 
peculiarities  of  the  negro  race  were  ordered  to  be  modified,  and 
copies  sent  out  for  report  of  cases. 

The  Association  adopted  the  report  of  the  majority  of  the 
Committee  on  Anatomical  Nomenclature,  and  ordered  it  to  be 
published  and  distributed  as  soon  as  practicable,  accompanied  by 
the  objections  of  the  minority  of  the  committee,  and  comments 
thereon  by  the  secretary  of  the  committee.  Of  the  neural  terms 
recommended,  more  than  100  were  identical  with  those  adopted 
in  1895  by  the  Anatomische  Gesellschaft. 

The  following  papers  were  read  and  discussed:  they  were 
illustrated  by  specimens,  photographs,  and  diagrams. 

Dr  P.  A.  Fish,  Ithaca,  N.Y. :— "  A  fluid  for  the  retention  of  the 
natural  colours  of  anatomical  specimens'';  and  "Mummification  of 
small  anatomical  specimens." 

Dr  Gborqb  S.  Huntington,  New  York  city: — "Comparative 
anatomy  and  embryology  as  aids  to  the  teaching  of  human  anatomy 
in  the  medical  course." 

Dr  Wilder  : — "  An  adult  and  healthy  living  cat,  lacking  the  left 
arm,  excepting  the  scapula,  and  having  the  heart  apparently  at  the 
epigastrium." 

Dr  Woods  Hutchinson,  Buffalo,  N.Y. : — "  Relative  diameters  of 
the  human  thorax." 
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Dr  D.  S.  Lamb,  Washington,  D.C. : — "Pre-Columbian  syphilis." 

Mr  Charles  H.  Ward,  Rochester,  N.Y; : — "  A  cranio-mandibular 
index." 

Professor  Howard  Aybrs,  University  of  Missouri: — "The  mem- 
brana  basilaris,  membrana  tectoria  and  nerve  endings  in  the  human 
ear."     Read  by  Dr  Hopkins. 

Dr  Wildbr: — "Certain  resemblances  and  peculiarities  of  the 
human  brain.'' 

Dr  B.  B.  Stroud,  Ithaca,  N.Y. : — "The  ape  cerebellum." 

Dr  Fish  : — "  The  brain  of  the  fur  seal,  Callorhtnvs  umntis" 

Dr  Huntington  : — "  The  eparterial  bronchial  system  of  mammalia." 

Dr  J.  A.  Blake,  New  York  city : — "  The  relation  of  the  bronchi 
to  the  thoracic  wall." 

Dr  Thomas  Dwight,  Boston,  Mass. : — "  The  distribution  of  the 
superior  mesenteric  artery." 

Dr  D.  W.  MoNTGOMERT,  University  of  California,  San  Francisco : 
— "  Sebaceous  glands  in  the  mucous  membrane  of  the  mouth."  Read 
by  Dr  Lamb. 

Dr  Stroud : — "Notes  on  the  appendix." 

Professor  S.  H.  Gaqb,  Ithaca,  N.Y. : — "  On  the  relation  of  the 
ureters  in  the  cat  to  the  great  veins;  with  variations." 

Dr  Wilder: — "A  number  of  specimens  of  either  unusual  or 
specially  instructive  character." 

Mr  H.  A.  Surface,  Fellow  in  Cornell  University : — "  Notes  on  the 
fish  fauna  of  Cayuga  Lake." 

The  following  papers  were  read  by  title : — 

Professor  George  A.  Dorset,  Chicago: — "Description  of  two 
Koutenay  skeletons  " ;  and  "  Two  examples  of  unusual  ossification  of 
the  first  costal  cartilages." 

Dr  E.  R.  Hodge,  Washington,  D.C. : — "Relation  of  sex  to  the  size 
of  the  articular  siurfaces  of  the  long  bones." 

Dr  J.  T.  Duncan,  Toronto,  Canada : — "  Anus  vulvalis." 

Dr  Woods  Hutchinson  : — "A  skin  heart?" 

The  following  officers  were  elected  for  the  ensuing  term: — Dr 
B.  G.  Wilder,  Ithaca,  N. Y.,  President ;  Dr  Geo.  A.  Piersol,  Phila- 
delphia, First  Vice-President ;  Dr  William  Keiller,  Galveston,  Texas, 
Second  Vice-President;  Dr  D.  S.  Lamb,  Washington,  D.C,  Secretary 
and  Treasurer, 

Dr  F.  J.  Shepherd,  of  Montreal,  Canada,  member  of  the  Executive 
Committee  of  the  Association,  in  place  of  Dr  Huntington,  term 
expired. 

The  following  candidates  were  elected  active  members  of  the 
Association : — 

1.  Frank  Irving  Brown,  A.M.,  M.D.,  of  South  Portland,  Maine, 
Instructor  of  Anatomy,  Portland  School  for  Medical  Instruction.  2. 
George  Ahos  Dorset,  A.B.,  Ph.D.,  Acting  Curator  of  Anthropology, 
Field  Columbian  Museum,  Chicago,  111.     3.  Grant  Sherman  Hop- 
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KINS,  D.Sc,  Asst.  Professor  of  Anatomy,  Cornell  University.  4.  G. 
Carl  Hubbr,  M.I).,  Asst.  Professor  of  Histology,  University  of 
Michigan.  5.  A.  T.  Kerr,  M.D.,  Acting  Professor  of  Anatomy, 
Medical  Department,  University  of  Biifi'alo.  6.  Alfred  Kino,  A.B., 
M.D.,  Demonstrator  of  Anatomy,  Bowdoin  College.  7.  Edward 
Jambs  M'Donouoh,  A.B.,  M.D.,  Demonstrator  of  Histolo^,  Bowdoin 
College.  8.  John  Anderson  Sprinolb,  M.D.,  CM.,  Lecturer  on 
Anatomy,  M*Gill  University.  9.  Robert  J.  Terry,  M.D.,  Demon- 
strator of  Anatomy,  Missouri  Medical  College,  St  Louis.  10.  Pro- 
fessor Albert  H.  Tuttle,  D.Sc,  University  of  Virginia. 

The  following  eminent  Anatomists  of  the  Old  World  were 
elected  honorary  members : — 

Dr  Mathias  Duval,  Paris;  Dr  Carl  Gegbnbaur,  Heidelbei^; 
Dr  WiLHBLM  His,  Leipzig;  Dr  Albert  von  KdLLiKBR,  Wiirzburg; 
Dr  Albxandbr  Macalistbb,  Cambridge ;  Dr  L.  Ranvibr,  Paris. 

It  is  understood  that  the  next  meeting  will  be  held  in  New 
York  city  in  the  Christmas  holidays,  in  conjunction  vrith  tlie 
Society  of  Naturalists  and  other  affiliated  societies. 
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523. 
Appendix    vermifomiis,    anomaly    of, 

64. 
Archdeolo^a  Anatomica,  775. 
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Bamardo,  G.  F.,  Ectopia  cordis,  325. 
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Beard,  J.,  Theoiy  of  a  critical  period 
in  development,  714. 

Birmingham,  A.,  Shape  and  position 
of  the  bladder  in  the  child,  459. 

Bladder  in  child,  shape  of,  459. 

of  elephant,  584. 

Blastodermic  vesicle  of  sheep,  anoma- 
lous, 362. 

Bles,  £.  J.,  Correlated  distribution  of 
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484. 
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of  viscera,  481. 

Bolton,  J.  S.,  On  the  Weigert-Pal 
method,  247. 

Bone,  development  and  nutrition  of, 
96. 

Brnchvcephalism,  origin  of,  334. 
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Bridge  on  abdominal  pores,  492. 

Broad  Ligaments  in  elephant,  585. 
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Brnyne,  C.  de,  Functional  adaptation 

of  phagocytosis,  92. 
Bryce,  T.  H.,  On  negro  femora,  76. 
BulboHBavernosus  in  elephant,  595. 

Cjinorhinata,  712. 
Canals,  peritoneal,  484. 
Cardiac  valves  fenestrated,  681. 
Cartilage,  basi-cranial,  570. 

development  and  nutrition  of. 


96. 


hard  and  soft,  561-572. 


Cartilaginous  skeleton,  origin  of,  553. 
Caudal  limit  of  lumbar  visceral  nerves 

in  man,  403. 
Cavia  cobaya,  introraittent  sac  of,  141. 
Cephalisation  and  alimentation,  522. 
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Cerebral  cortex,  insalar  region  of,  11. 

relation  to  fornix,  23. 

Ceylon,  skulls  from,  755. 

Child,  shape  and  position  of  bladder 

in,  459. 
Chimaera,  abdominal  pores  in,  500. 
Chimpanzee,  Sylvian  re^on  of,  14. 
Chitin,  relation  of,  to  cartilage,  568. 
Chrome  silver  method  for  nerve  cells, 

109. 
Claudius  on  the  ovarian  groove,  8. 
Cloacal  papille,  485. 

-_pouche8,  485. 

Cole,   ¥,    J.,    intromittcnt   oigan    of 

gninea-pig,  141 
Collective  Investigation,    reports   on, 

164. 
Colon,  distension  of,  67,  841. 
Connective  tissues,  mutual  relation  of, 

96. 

Corner,  E.,  crania  from  Ceylon,  755. 

Morphology  of  Triangular  Carti- 
lage of  Wrist,  272. 

Crania  from  Ceylon,  755. 

Papuan,  858. 

Cranium,  microcephalic,  266. 

Cunningham,  D.  J.,  Insular  region  in 
cerebral  cortex,  11. 

Cyclist,  professional,  muscular  de- 
velopment of,  468. 

DrBruyne,  C.  a..  Functional  adapta- 
tion of  phagocytosis,  92. 

Digastric  muscle,  436. 

Digestion,  salivary,  of  starch,  615. 

Dorsey  and  Holmes  on  decorated 
crania,  853. 

Dorso- humeral  is  muscle,  429. 

Double  embryos,  362. 

Dugong,  manus  of,  765. 

Duodeno-jejunal  flexure,  665. 

Dystopia  of  kidney,  657. 

Ectopia  Cordis,  825. 

Egyptian  anatomy,  775. 

Elephant,    genito-uriuary    organs    of, 

582. 
Elliot  Smith.     See  Smith,  23,  231. 
Embryos,  twin,  literature  of,  371. 
Endarteritis  proliferens,  153. 
Epididymis,  structure  of,  135. 
Enrich,  F.  W.,  on  neuroglia,  688. 

Fallopian  tube  in  elephant,  589. 
Fascia  dentata,  29. 
Fasciculus  marginalis,  38. 

pnecominissuralis,  43. 

Fasciolaris,  gyrus,  39. 

Fawcett,  E.,  on  niouutiug  dissections 

in  basins,  768. 
Female  urogenital  organs,  anomalous, 

211. 


Femora,  negro,  76. 

Fere,  experiments  on  incubatioii,  780. 

teratogenic  theory  of  tumoars, 

781. 

Fcetal  marsupial,  arteries  of,  477. 

development  of,  716. 

Foramen  ovale,  collective  investiga- 
tion on,  165. 

patent  in  lunatics,  688. 

— ^— in  sheep,  779. 

Fornix,  relation  of,  to  cerebral  cortex, 
23. 

further  observation  on,  231. 

Fossa  hypogastrica,  2. 

obtnratoria,  2. 

ovarii,  1, 

paravesicolis,  1. 

FUrbringer  on  spino-occipital  nerves, 
546. 

Ganglion  of  vagus,  natnre  of,  425. 

jQanoidei,  abdominal  pores  in,  500. 

Gaskell,  W.  H.,  on  the  origin  of 
vertebrates,  512. 

Gastrocnemius,  sesamoid  bones  in,  182. 

Genito-uriuary  organs  of  female  ele- 
phant, 582. 

Germinal  area,  twin,  in  sheep,  362. 

Giacomini  on  the  fascia  deutata,  29. 

Glands,  lymphatic,  related  to  the 
iliac  arteries,  172. 

parathyroid,  880. 

Guinea-pig,  intromittent  sac  of,  141. 

Oymnura  Ilafflesii,  myology  of,  312. 

Gyrus  Andreae  Retzii,  48. 
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753. 
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of,  24. 
His,  W.,  on  the  ovarian  groove,  4. 
Histology  of  parathyroid,  401. 
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Holmes  and  Dorsey  on  Papuan  crania, 

353. 
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Hypogastric  fossi,  2. 

Hyrax,  organ  of  Jacobson  io,  709. 

Iliac  arteries,  embryology  of,  605. 

lymphatic  glands  re- 
lated to,  172. 
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oi^ns  of,  582. 

Jndusium  yemm,  4S. 

Infrahyoidean  muscles,  442. 

Insular  region  of  cerebral  cortex,  12. 

Intersections,  tendinous,  in  muscles, 
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Intralimbic  gjrrus,  29. 

Intromittent  sac  of  male  Guinea-pig, 
141. 

Jacobson,  organ  of,  in  Hyrax,  709. 
Jaryis  Island,  skull  from,  360. 
Jayne,  Mammalian  Anatomy,  798. 

Kakoaboo,    anatomy   of,    119,   278, 

714. 
Keith,  A.  S.,  on  the  influence  of  the 

body-postura  on  the  shape  of  the 

viscera,  451. 
Kempson,   F.   C,  on  the  skull  of  a 

microcephalous  idiot,  266. 
Kidney,  crossed  dystopia  of,  652. 

development  of,  661. 

of  elopnant,  582. 

Koala,  hippooamiwl  region  of,  30. 
Kohlbrugge  on  the  muscles  and  nerves 

of  the  primates,  608. 
KoUiker,  A.  von,  on  the  fornix  and 

hippocampus,  24,  37,  56. 

Lb   Double  on  muscular  variations, 

608. 
Levator  claviculse,  449. 
Ligamentum  snspensorium  ovarii,  5. 
Limulus,  cartilage  in,  561,  572. 
Liver,  shape  of,  influenced  by  posture, 

453. 
Lumbar  efferent  visceral  nerves,  403. 
Lymphatic  glands  in  iliac  region,  172. 

Macaltstsb,  a.,  Apertura  pyriformis, 

223. 

BrachycephalLsm,  834. 

MacOlelland,  R.  J.,  moderator  band  in 
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PROCEEDINGS   OF   THE 

ANATOMICAL  SOCIETY  OF  GREAT  BRITAIN 

AND  IRELAND. 


JUNE  1897, 


The  Summbr  Mbbtino  of  the  Society  was  held  in  Trinity  College, 
Dublin,  on  June  10th  and  1 1th. 

Professor  Thanb,  the  President,  was  in  the  chair,  and  fifty-six 
members  and  visitors  were  present. 

The  minutes  of  the  last  meeting  were  taken  as  read. 

The  following  new  members  were  elected ; — 

1.  W.  S.  Haughton,  M.B.,  Demonstrator  of  Anatomy,  Trinity 
College,  Dublin,  proposed  by  D.  J.  Cunningham,  A.  F.  Dixon,  and 

F.  G.  Parsons.  2.  J.  K.  Jamibson,  M.B.,  CM.,  Demonstrator  of 
Anatomy,  Yorkshire  College,  Leeds,  proposed  by  T.  Wardrop  Griffith, 
J.  Symington,  and  F.  G.  Parsons.  3.  H.  Gadow,  F.R.S.,  Lecturer 
on  Vertebrate  Morphology,  University  of  Cambridge,  proposed  by 

G.  D.  Thane,  A.  Keith,  and  F.  G.  Parsons.  4.  H.  Alcock,  M.B., 
CM.,  Indian  Museum,  proposed  by  A.  Keith,  E.  Barclay  Smith,  and 
A.  Robinson.  5  and  6.  W.  Smyth,  M.D.,  and  R.  J.  Johnstonb, 
Demonstrators  of  Anatomy,  Queen's  College,  Belfast,  proposed  by  D. 
J.  Cunningham,  A.  F.  Dixon,  and  G.  D.  Thane.  7.  W.  Turnbull, 
M.B.,  B.S.,  Demonstrator  of  Anatomy,  University  of  Durham,  pro- 
posed by  R.  Howden,  D.  J.  Cunningham,  and  F.  G.  Parsons. 

Dr  T.  H.  Brycb  showed  a  pair  of  Negro  femora,  which  presented 
a  double  analogy  to  the  Trinil  femur :  (1)  in  the  presence  of  patholo- 
gical exostoses;  (2)  in  possessing  the  three  distinctive  characters 
claimed  by  Dubois  for  the  fossil  bone.  The  convexity  of  the 
popliteal  surface  on  the  right  bone  was  due  to  a  ridge  from  which 
the  femoral  head  of  the  biceps  arose,  while  on  the  left  bone  the  origin 
of  that  muscle  was  marked  by  a  prominent  crest  above  and  a  tuber- 
osity below,  and  the  attachment  of  the  inner  head  of  the  gastro- 
cnemius was  also  marked  by  a  prominent  rough  eminence. 
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The  popliteal  index  of  the  right  bone  was  86'5,  of  the  left  92*5,  a 
near  approach  to  that  of  the  Trinil  femur,  which  waa  96'9y  while  the 
rough,  uneven  popliteal  surface  of  the  left  bone  suggested  pathological 
change,  and  exostoses  were  developed  at  the  attachment  of  the  muscles 
to  the  bone. 

The  interest  of  the  specunen  lay  in  the  presence  of  two  factors, 
morphological  and  pathological, — the  convexity  being  due  in  the  one 
bone  to  the  origin  of  the  short  head  of  the  biceps  from  the  popliteal 
surface,  in  the  other  to  deposit  of  bone  at  the  attachment  of  the 
muscle. 

Tlie  Trinil  femur  was  also  affected  by  a  pathological  process  asso- 
ciated with  exostoses,  and  the  left  of  these  bones  suggested  a  possible 
hypothesis  as  to  the  cause  of  the  convexity  of  the  popliteal  sux&u^  of 
the  fossil  femur.  The  paper  is  printed  in  exten»o  on  page  76  of  the 
Journal  of  Anatomy  ami  Physiology — Oct.  1897. 

Professor  W.  Spaltbholz  showed  stereoscopical  photographs  illus- 
trating the  Distribution  of  Arteries  in  the  Human  Skin.  The  photo- 
graphs were  of  specimens  of  skin  from  various  regions  of  the  body,  the 
arteries  of  which  had  been  injected  with  coloured  gelatin,  the  pieces 
of  skin  being  mounted  in  Canada  balsam  between  two  sheets  of  glass. 

Professor  H.  Lbboucq  (Ghent)  read  the  following  notes  on  Tfie 
Ossifieaiion  of  the  Terminal  Phalofnges  of  Mammalian  Fingers^  in  re- 
lation to  Hyperph/dangy. 

1.  In  the  development  of  mammalian  fingers,  the  phalanges  are 
proximo-distally  differentiated  by  a  kind  of  budding.  In  the  greater 
number  of  cases  that  process  does  not  go  further  than  the  differenti- 
ation of  three  (or  two)  segments,  and  ceases  with  the  first  appearance 
of  the  endochondral  ossification  nucleus,  and  of  the  perichondral  cap 
of  the  distal  phalanx. 

2.  The  centrum  of  the  endochondral  nucleus  is  not  situated  at  the 
very  extremity  of  the  phalanx.  That  nucleus  is  really  a  diaphysial 
one ;  the  distal  part  of  the  diaphysis,  though  it  ultimately  becomes 
totally  atrophied,  owing  to  the  extension  of  the  perichondral  terminal 
cap,  yet  remains  visible  for  a  certain  time  (human  foetus,  4th  month). 

3.  The  development  of  the  perichondral  cap  is  in  relation  with  the 
evolution  of  the  special  appendicular  organs  of  the  fingers  (nails, 
claws,  hoofs,  etc.).  With  the  defect  of  the  last  (cetaceans,  sirenians, 
insectivorous  bats :  Snd-Sth  finger  of  the  hand),  the  terminal  peri- 
chondral cap  is  also  absent. 

4.  The  growth  of  the  thus  unlimited  finger  continues,  and  indeed 
(a)  In  cetaceans  the  development  of  distinct  segments  over- 
steps by  far  the  typical  number  in  mammals.^ 

{h)  In  sirenians  a  fourth  phalanx  has  also  been  found,  but  not 

in  all  cases, 
(c)  In  bats  ( Vespertilio  mwriniLs)  I  found  the  4th  digit  of  the 

^  Probably  we  should  consider  here  also  the  separate  evolution,  by  slowness  of 
ossification,  of  the  morphologically  equivalent  cpi>  and  diaphysis  (Howes). 


ANATOMICAL  SOCIETY  OF  GEEAT  BRFTAiN  AND   IRELAND.        iil 

wing  in  a  fall-grown  foBtus  to  consist  of  four  distinct  seg- 
ments. The  number  of  the  foetal  phalanges  is  thus — 
(from  the  thumb)  2—1—3—4—3. 

5.  The  distal  supernumerary  phalanges,  without  any  articular 
cayity,  exhibit  a  great  tendency  to  unite  together  by  complete  coales- 
cence of  the  cartilage  and  proximo-distal  progress  of  the  ossification. 
I  have  previously  demonstrated  that  in  foetal  cetaceans  the  number  of 
phalanges  is  greater  than  in  adult  ones.  In  adult  Vespertilio,  also,  the 
distal  phalanx  of  the  two  last  digits  is  the  second,  represented  by  a 
skeletal  rod,  proximally  bony,  distally  cartilaginous,  without  any  trace 
of  articulation  between  the  two  parts.  There  are  here,  therefore,  only 
two  phalanges,  instead  of  four  and  three  in  foetal  specimens. 

6.  It  should  be  noticed  that  the  Pinnipeds,  with  rudimentary  nails 
(Trichechus,  Oiaria)  possess  these  appendages  well  developed  in  the 
foetal  state ;  and  the  perichondral  cap  on  the  end  of  the  third  phalanx 
also  exists.  The  adaptive  elongation  of  the  extremity  to  the  act  of 
swimming  does  not  take  place  by  means  of  hypersegmentation  of  the 
typical  skeleton,  but  by  the  development  of  a  fibrous  {Tridieckas)  or 
cartilaginous  {Otaria)  bud  from  the  palmar  face  of  the  third  phalanx. 

Professor  A.  Birmingham  showed  models  and  specimens  illustrat- 
ing the  Topographical  Anatomy  of  certain  of  the  Abdominal  Viscera. 

Dr  Kabstnbr  showed  some  specimens  and  photographs  of  mal- 
formed chick  embryos, — (1)  hydropic;  (2)  with  airested  development  of 
the  medullary  folds  ;  (3)  embryos  of  the  third  day,  whxise  vascular  area 
contains  no  biood'vessels,  but  only  blood-islands;  (4)  omphalocephaiie 
embryos  (like  those  described  by  Fol^  WaryasM^  and  Dareste) ;  (5) 
with  abnormal  clefts ;  and  (6)  vasadar  areas  without  embryo. 

AU  these  malformations  were  obtained  by  interrupting  the  incuba- 
tion at  a  certain  early  period  of  development  for  a  relatively  long 
time, — i.e.,  the  eggs  are  brought  from  the  incubator  into  a  room,  the 
temperature  of  which  does  not  fall  under  18°  C,  and  does  not  exceed 
24°  C,  7  to  16  days  after  6  hours  of  incubation,  5  to  13  days  after  7  to 
18  hours  of  incubation,  and  4  to  6  days  after  19  to  36  hours  of  incuba- 
tion. If  the  interruption  lasts  longer  the  embryo  dies,  but  a  shorter 
interruption  does  not  hurt  the  embryo.  After  more  than  36  hours  of 
incubation,  no  malformations  are  obtained  by  interrupting  the  in- 
cubation, but  the  maximum  period  is  much  shorter,  at  the  same 
temperature  (of  18°  at  the  minimum),  72  hours  at  the  end  of  the 
second  day,  48  at  the  ninth  day,  and  24  hours  up  to  the  termination  of 
the  development.  If  the  interruption  occurs  at  a  temperature  under 
18°  C,  the  maximum  periods  are  much  shorter  for  every  stage  of 
development. 

Prof.  Sir  Wm.  Turner,  F.R.S.,  read  a  paper  by  Mr  H.  J.  Stiles  on 
X  Ray  Photographs  of  Mercurial  Injections  of  tlie  Arteries  of  the 
Limbs  and  of  the  Kidneys.  The  paper  will  be  found  on  p.  83  of  the 
Journal  of  Anatomy  and  Physiology — Oct.  1897. 
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Dr  W.  J.  Otis  read  a  paper  on  Some  Points  in  the  Structure  of  the 
Rectum.  See  p.  59  of  the  Journal  of  Anatomy  and  Physiology — 
Oct.  1897. 

Prof.  A.  Magalistbr,  F.B.S.,  read  a  paper  on  A  Study  of  Austra- 
lian Brains,  which  will  appear  in  a  subsequent  number  of  the  Journals 


On  a  New  Arrangement  of  the  Eight  and  Left  Lobes  of  tfie  Liver, 

By  Jambs  Gantlie,  M.A.,  M.£. 

The  object  of  this  paper  is  to  demonstrate  that  the  gall-bladder 
occupies  a  central  position  in  the  liver ;  that  on  either  side  of  it  lie 
the  true  right  and  left  lobes  of  the  liver,  and  that  a  line  from  the 
fundus  of  the  gall-bladder  to  the  ezit  of  the  hepatic  veins  divides  the 
liver  into  equal  portions,  as  shown  by  injections,  by  weighings,  by 
developmental,  by  pathological,  and  by  clinical  observations.  In 
other  words,  that  the  present  anatomical  division  into  right  and  left 
lobes  by  a  line  drawn  along  the  longitudinal  (the  fissure  for  the  obli- 
terated umbilical  vein  and  ductus  venosus)  fissure  is  unscientific,  and 
consequently  imtrue  and  untenable. 

My  attention  was  first  drawn  to  this  subject  whilst  performing  a 
post-mortem  upon  a  Chinese  prisoner,  who  committed  suicide  by  hang- 
ing in  the  jail  at  Hong  Kong.     I  mention  the  cause  of  his  death  in 
order  to  show  that  he  died  of  no  hepatic  ailment,  but  cut  short  his  own 
life  whilst  in  good  health.     At  the  post-mortem  the  liver  presented 
the  following  anomalous  appearances.     The  right  '  side '  (I  use  the 
word  advisedly  in  preference  to  '  lobe ')  of  the  liver  existed  as  a  mass 
of  fibrous  tissue,  and  looked  like,  and  practically  was,  a  mere  append- 
age to  the  left  side  of  the  organ.    This  fibrous  mass  was  adherent  to 
the    diaphragm   immediately  above  it;    from  hence,   through    the 
diaphragm  and  lung  tissue  to  a  large  bronchus  near  the  root  of  the 
lung,  an  extension  of  the  fibrous  tissue  showed  clearly  that  a  liver 
abscess  had  occupied  the  right  side  of  the  liver,  and  that  it  had  bunt 
upwards  through  the  diaphragm  and  lung  into  the  bronchus.     The 
completeness  of  the  destruction  of  the  right  side  of  the  liver  was  such 
that  nothing  was  left  to  show  that  the  Hver  cells  or  vessels  had  ever 
existed  in  that  area.     With  the  whole  of  the  right  side  thus  occupied, 
a  marked  change  in  the  nature  of  a  hypertrophy  had  developed  on 
the  left  side.     The  increase  in  appearance  made  the  parts  seem  ele- 
phantine almost,  and  the  weight  of  the  Hver  was  but  a  few  ounces 
below  that  of  the  normal  liver.     Inspection  of  the  organ,  however, 
brought  a  new  feature  keenly  home  to  me.     The  part  which  struck 
one  most  as  regards  bulk  was  the  'lobulus  spigelii,'  which  protruded 
as  a  thick,  blunt  mass  of  liver  tissue.     And  not  only  this  minor  lobe, 
but  the  lobulus  caudatus,  from  which  it  sprang,   and  the  lobuluF 
quadratus  in  front,  also  showed  this  enormous  hypertrophy.      The 
hypertrophy  of  the  left  side  joined  with  the  atrophied  right  side,  at  a 
line  drawn  through  the  fundus  of  the  gall-bladder  to  the  centre  of  the 
inferior  vena  cava  at  the  back  of  the  liver.     On  dissection,  the  vessels^ 
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veios,  artery,  and  duct  of  the  right  eide  were, obliterated,  and  those  of 
the  left  side  were  increased  in  diameter  proportionittely  to  the  increase 
of  the  bulk  of  tissue  which  they  supplied  or  drained. 

The  only  esplanation  of  this  pathologicsl  state  was  that  an  abscess 
had  destroyed  the  right  side  of  the  liver,  and  that  the  left  hypertro- 
phied  and  supplied  its  place  and  function,  so  that  the  man  was,  hepati- 
cally,  in  as  good  a  state  as  before  his  right  side  had  been  destroyed  by 
the  abscess. 

In  the  course  of  my  reading  I  came  across  various  statements  such 
as  the  following : — "  The  immunity  of  the  left  lobe  of  the  liver,  not 
alone  from  cancer,  bnt  from  abscess,  as  well  as  from  hydatids,  is  a 
pathological  phenomenon  to  me  quite  inexplicable.  No  doubt  an 
anatomical  or  physiological  cause  for  its  immunity  must  exist,  but 
what  it  actually  is  I  know  not." — {^Harley.)  This  remark  was  called 
forth  by  a  case  recorded  by  the  same  author,  with  reference  to  which 
he  says : — "  But  little  hepatic  tissue  remained  (in  the  right  lobe) ;  yet, 
notwithstanding  this,  and  the  fact  that  the  diseased  growths  were 
secondary  to  a  similar  morbid  degeneration  in  the  sigmoid  fiexure, 
the  left  lobe  of  the  liver,  in  spite  of  being  enlarged,  was  free  from 
disease." 

The  fibrous  state  of  the  right  lobe  in  the  Chinaman  whose  case  I 
have  cited  cannot  be  called  unique,  for  at  the  post-moitem  in  the 
Middlesex  Hospital,  on  a  case  of  Ur  Ooodfellow's  (also  recorded  by 
Dr  Harley),  it  was  found  that,  whilst  the  right  lobe  was  studded  with 
cancerous  nodules,  the  left  lobe  was  atrophied,  and  looked  like  a  mere 
appendage  to  the  right,  not  exceeding  1^  inches  in  diameter.  Several 
other  cases  could  be  quoted  bearing  on  the  same  point,  but  the  above 
will  suffice. 

In  elucidation  of  this  condition,  I  venture  to  submit  various  obser- 
vations taken  from  time  to  time. 


A.  The  first  experimeat  was  merely  that  of  making  an  incision 
from  before  backwards  through  the  liver,  from  the  fundus  of  the  gall- 


bladder to  the  centre  of  the  spot  where  the  infarior  vena  cava  grooves 
the  back  of  the  liver.     The  weight  of  the  two  masses  thus  divided 
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approximated  each  ottier  within  a  few  ounces,  aometimeB  within  a 
drachm  or  two. 

Eu^rimerU  11. 

B.  The  next  investigation  led  me  to  examine  closely  the  sixe  of  the 
right  and  left  vessels  met  with  at  the  portal  fissure.  The  branches  of 
the  portal  vein  could  only  occasionally  be  thus  gauged,  owing  to  the 
variability  of  the  seat  of  its  bifurcation ;  but  when  the  two  main 


branches  parted  some  little  distance  before  touching  the  liver  sub- 
stance, the  two  divisions  measured  within  a  few  millimetres  of  each 
other,  that  going  to  the  right  side  being  usually  the  larger. 

C.  The  hepatic  artery,  by  its  earlier  bifurcation,  is  more  easily  dealt 
with.  After  the  giving  off  of  the  branch  to  the  gall-bladder  from  the 
right  hepatic  branch,  the  diameters  of  the  two  vessels  approximate 
each  other  very  closely, — in  fact,  are  almost  identical. 

D.  The  hepatic  ducts,  as  they  converge  to  form  the  ductus  com- 
munis choledochus,  are  practically  of  the  same  size. 

Experiment  tlL 

With  this  before  one,  a  further  investigation  led  one  to  ii^ections  of 
the  various  vessels,  and  with  the  following  results : — 

A.  Ii\jections  of  the  right  and  left  divisions  of  the  portal  vein,  with 
different  coloured  substances,  showed  that  the  ixijected  areas  met  along 
a  line,  with  a  wavy  outline  leading  from  the  centre  of  the  notch 
corresponding  to  the  gall-bladder,  to  the  notch  for  the  inferior  vena 
cava. 

It  was  not  possible  to  ii\ject  the  right  from  the  left  vessels,  nor 
liice  versa. 

The  line  where  the  areas  met  corresponded  to  the  weight  line. 

B.  Injection  of  the  hepatic  artery  might,  a  priori,  have  been  ex- 
pected to  afford  similar  proo&  of  separation  of  the  right  and  left  aides. 
The  injection  does  not»  of  course,  yield  such  patent  and  easily  observed 
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reaulta  as  in  the  case  of  the  vein  injections,  but  it  waa  evident  that  the 
left  artery  usually  supplied  the  accessory  lobes  to  the  right  of  the 
antero-poBterior  fissure, — in  fact,  that  at  the  mid-line  the  areas  injected 
along  the  hepatic  arteries  met. 

C.  A  similar,  but  not  so  precise,  conclusion  was  arrived  at  in  the 
case  of  the  hepatic  ducts. 

The  anatomical  evidence  seems,  therefore,  to  point  to  a  completely 
separate  vascular  supply  up  to  the  mid-line  of  the  liver,  that  line  being 
situated,  us  above  stated,  not  along  the  auteto-posterior  fissure  (that 


for  the  ductus  venoeus  and  umbilical  vein),  but  along  a  line  drawn 
from  the  centre  of  the  notch  for  the  gall-bladder  upon  the  anterior 
border  of  tiie  liver,  to  the  notch  for  the  inferior  vena  cava  at  the  pos- 
terior mai^in. 

CSinieal  Evidence,  IV. 

Perhaps  in  malignant  disease,  more  than  in  any  other,  is  it  observed 
that  the  disease  is  coniiued  to  one  lobe. 

A.  Dr  Pye  Smith,  in  the  31et  volume  of  the  Palkologieal  Society'e 
Transaetiona,  quotes  a  case  where  circumscribed  masses  of  malignant 
material  were  limited  to  the  right  lobe  of  the  liver. 

B.  Dr  Ewart,  in  the  British  Medicai  Journal,  September  1860, 
refers  to  a  case  in  which  the  left  lobe  was  free  from  cancerous 
material,  whilst  the  right  was  occupied  by  a  malignant  mass  weighing 
120  ounces. 

C.  Dr  West  quotes  a  case  of  a  child,  8  months  old,  with  a  huge 
hepatic  tumour,  which  turned  out  to  be  the  almost  healthy  left  lobe 
pushed  out  of  its  place  by  the  diseased  right  lobe. 

DemU^^mental. 

The  liver  is  at  first  an  exactly  symmetrical  organ.  The  otgan  arises 
in  the  form  of  two  diverticula  of  hypoblast^  whim  grow  from  t£e  ventral 
wall  of  the  duodenum  immediately  beyond  the  stomach.    The  two 


*•  * 
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diverticula  become  the  right  and  left  hepatic  ducts,  and  Uie  right  and 
left  lobes  subsequently  attain  an  equal  size* 

The  common  bile-duct,  although  seemingly  indicating  an  asym- 
metrical development^  does  not  affect  the  question,  as  it  is  formed,  not 
out  of  a  coalescence  of  the  hepatic  ducts,  but  is  formed  later  by  a  pro- 
trusion of  that  part  of  the  duodenal  wall  with  which  the  origmal 
diverticula  are  connected. 

The  apparent  asymmetry  of  the  gall-bladder  and  cystic  duct  is  in 
the  same  category,  for  the  lumen  of  them  is  formed  by  a  diverticulum 
from  the  common  bile-duct,  itself  an  asymmetrical  tube.  And,  as  in 
several  animals — ^horse,  mouse,  etc. — no  gall-bladder  exists,  the  con- 
sideration of  the  gall-bladder  and  its  duct  may  be  left  out  of  the 
question. 

It  would  appear,  therefore,  that  the  liver  is  a  symmetrically  de- 
veloped organ  from  the  first ;  and  that  it  should  become  asymmetrical 
afterwards  is  not  in  harmony  with  the  development  and  growth  of  any 
other  organ  in  the  human  body. 

Surgically* 

The  liver,  when  split  or  fissured  by  a  blow,  as  between  the 
buffers  of  railway-carriages,  splits  along  the  mid-line  of  the  liver  in 
preference  to  any  other. 

From  these  considerations,  it  would  seem  that  the  liver  is  a  sym- 
metrical organ  in  the  adult,  its  symmetry  to  be  gauged  not  by  the 
antero-posterior  or  longitudinal  fissure  (that  for  the  umbilical  vein  and 
the  ductus  venosus),  but  along  a  line  drawn  from  before  backwards 
through  the  fundus  of  the  gall-bladder  to  the  spot  where  the  inferior 
vena  cava  grooves  the  back  of  the  liver.  In  other  words,  that  we 
have  two  lobes  (or  two  livers),  which  coalesce  along  a  mid-line,  giving 
a  right  and  left  half,  the  left  half  including  the  minor  lobes,  the  lobu* 
lus  quadratus,  the  lobulus  spigelii,  and  the  lobulus  caudatus. 

In  other  words,  that  the  gall-bladder  occupies  a  position  midway 
between  the  lobes,  and  lies  in  the  groove  separating  the  two  original 
halves.  Further,  that  the  inferior  vena  cava  also  takes  advantage  of 
this  interval,  and  travels  upwards  between  the  halves. 

The  practical  bearing  of  this  has  yet  to  be  proved  surgically ;  but 
there  can  be  no  doubt  that  any  surgical  interference  with  the  liver  will 
be  much  more  readily  tolerated  as  it  approaches  that  line,  which  I 
have  termed  the  mid-line  of  the  liver,  and  that  the  hemorrhage  has 
less  to  be  dreaded  as  the  liver  is  incised  or  torn  in  the  neighbourhood 
of  that  line. 

It  is  theoretically  possible  to  tie  the  vessels  of  one  side  at  the  gate 
of  the  liver,  supplying  an  abnormal  growth  in  one  or  other  of  the  liver 
lobes,  leaving  the  other  side  to  do  the  work. 

That  one-half  of  the  liver  can  hypertrophy,  so  as  to  perfonn  the 
function  of  the  whole,  is  attested  by  patiiological  study,  in  the  same  way 
that  one  kidney  can  develop  so  as  to  carry  on  the  work  of  the  two. 

I  commend  this  subject  to  all  those  who  are  working  at  the  surgery 
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of  the  liver ;  and  I  believe  that  if,  in  the  hands  of  future  observeis, 
the  statements  I  have  made  receive  cloeer  investigation,  the  surgery  of 
the  liver  will  be  advanced  a  step. 

Prof.  R.  HowDBN  read  a  paper  on  A  Ccise  of  marked  Disten$ion  of 
the  Colon,  It  is  printed  on  page  67  of  the  Journal  of  Anatomy  and 
Physiology— Oct.  1897. 

Prof.  P.  Bbdfbrn  read  a  paper  on  Tlie  Development  and  Nutrition 
of  Bone  and  CaHHage^  and  on  the  Relatione  of  Connective  Tissues  to 
each  other  in  Health  and  Disease,  The  paper  is  printed  on  page  96 
of  the  Joumcd  of  Anatomy  and  Physiology — Oct.  1 897. 

Prof.  B.  C.  WiNDLB  and  Mr  F.  G.  Parsons  read  a  paper  on  Some 
Points  in  the  Nomenclature  of  Comparative  Myology,  The  paper  is 
published  on  page  522  of  the  Journal  of  Anatomy  and  Physiology — 
July  1897. 

Prof.  W.  Anderson  read  the  following  communication  on  An  Vn- 
described  Variation  in  the  Course  of  the  Iliac  Portion  of  the  Sigmoid 
Colon, 

The  communication  I  have  the  honour  to  offer  to  the  Society  is  a 
small  contribution  to  a  steadily  increasing  list  of  variations  which, 
though  often  of  little  morphological  interest,  derive  considerable  im- 
portance from  their  bearings  upon  surgical  pathology  and  practice. 

The  typical  sigmoid  colon  may  be  defined  as  a  coil  of  large  bowel, 
having  the  distinctive  characters  of  the  rest  of  the  colon,  averaging 
about  18  inches  in  length,  and  suspended  by  a  mesentery,  except  at 
its  two  extremities,  where  it  is  distinctly  fixed  to  the  parietes.  This 
description  includes  the  so-called  '  first  portion  of  the  rectum/ 

The  typical  sigmoid  mesocolon  attains  a  maximum  length  of  about 
3  inches  near  the  middle  of  the  coil,  gradually  dinxinishing  towards 
the  two  ends.  Its  attachment  runs  downwards  along  the  upper  third 
of  the  iliac  fossa,  then  curves  inwards  across  the  ifio-psoas  and  the 
bifurcation  of  the  iliac  artery,  upwards  to  the  sacral  promontory,  or 
even  I  or  2  inches  higher,  and  finally  turns  downwards  mesially  as 
far  as  the  2nd  or  3rd  sacral  vertebra,  where  it  ceases.  So  far,  the 
typical  conditions.  The  variations  may  affect  either  the  length  of  the 
mesentery,  or  the  line  of  parietal  attachment  of  the  mesentery  (or  of 
the  bowel  where  the  mesentery  is  undeveloped).  I  propose  to  speak 
only  of  the  second  of  these. 

Variations  on  the  line  of  attachment  of  the  sigmoid  mesocolon  are 
probably  not  very  rare.  In  the  past  year  I  have  met  with  two 
instances  in  the  dissecting-room  of  St  Thomas's  Hospital,  in  which  the 
curve  of  the  iliac  attachment,  instead  of  crossing  towards  the  sacral 
promontory^  ran  down  nearly  to  the  level  of  Poupart's  ligament. 

In  that  now  shown  (fig.  1)  the  intestine  is  seen  to  run  along  the 
whole  length  of  Poupart's  li^ment,  and  to  be  fixed  to  the  iliac  fossa 


X  -pROCREDIHGS  Of  THE 

by  a  mesentery  of  about  J  inch  in  length,  which  opens  ont  and 
aimoBt  completely  disappearB  when  the  towel  is  widely  distended. 
On  the  under  surface  of  this  short  mesocolon  are  three  pouches,  large 
enough  to  admit  the  tip  of  the  finger,  the  deepest  apparently  corre- 
sponding to  the  fossa  sigmoidaa.  The  iliac  portion  of  the  sigmoid 
colon  haa  a  length  of  8J  inches,  the  pelvic  portion  lying  against  the 
loft  side  of  the  true  pelvis  and  opposite  the  great  sacro-sciatic  foramen, 
has  a  mesentery  of  about  3  Inches  in  length  attached  to  the  under 
margin  of  the  psoas  and  to  the  sacral  promontory. 


In  the  other  specimen  the  arrangement  was  very  similar,  but  the 
mesentery  was  somewhat  longer  and  its  attachment  higher. 

Were  a  left  inguinal  hernia  to  occur  in  cases  of  this  kind,  there  would 
probably  be  a  complete  eac  containing  colon  and  perhaps  omentum ;  but 
there  is  a  closely  allied  abnormality,  hitherto  seen  only  in  the  living  sub- 
ject during  surgical  operation,  which  permits  a  pecuKar  form  of  eacless 
hernia  still  undescribed  in  our  text-books.  Here  the  intestine,  bound  to 
the  iliac  fossa  by  a  layer  of  peritoneum  covering  its  front  and  sides,  runs 
downwards  and  forwaids  in  the  course  described  (%  I)  as  far  as  the 
inguinal  region,  but  the  peritoneum  is  reflected  in  such  a  way  as  to 
leave  on  uncovered  portion  of  the  gut  in  contact  with  the  posterior 
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wall  of  the  inguinal  canal  (fig.  2).  In  this  case,  should  the  state  of 
the  abdominal  wall  permit  a  hernia  to  occur,  the  protruding  portion 
of  colon  would  be  partially  or  wholly  sacless,  and  the  division  of  the 
superficial  coverings  of  the  tumour  would  at  once  expose  the  muscular 
wall  of  the  gut,  the  peritoneum  appearing  only  as  a  sort  of  pouch 
attached  to  the  concave  or  abdominal  aspect  of  the  coil.  Such  a 
hernia,  if  wholly  sacless,  must  almost  necessarily  be  small ;  but  if  it 
be  supplemented  by  a  hernia  of  the  pelvic  coils  of  the  sigmoid 
colon,  it  may  assume  large  dimensions,  and  present  an  incomplete  sac. 

At  least  six  examples  of  this  peculiar  form  of  hernia  have  been  met 
with ;  and,  by  one  of  those  strange  sequences  so  familiar  to  surgeons, 
four  of  these  have  fallen  to  my  own  lot  in  my  practice  at  St  Thomas's 
Hospital,  and  all  in  one  year.  The  particulars  of  the  other  two 
have  been  related  to  me  by  Mr  Henry  Morris  and  Mr  Leonard 
Bidwell,  who  will  doubtless  publish  the  details  later.  The  first  of 
my  own  cases  came  under  my  care  two  years  ago  ^  when  operating 
for  the  radical  cure  of  what  I  supposed  to  be  an  ordinary  inguinid 
enterooele  in  a  middle-aged  man.  The  section  of  the  superjacent 
cutaneous  and  fascial  structures  exposed  a  muscular  viscus  without 
any  peritoneal  investment,  and  I  at  first  beHeved  it  to  be  a  portion 
of  the  urinary  bladder,  but  on  drawing  it  further  down,  it  looked 
distinctly  tubular,  and  a  peritoneal  pouch  was  seen  to  be  attached 
to  its  upper  part.  On  opening  the  pouch  and  introducing  the 
finger,  the  mysterious  protrusion  was  found  to  be  the  colon,  and  was 
traced  upwards  for  some  distance  along  the  iliac  fossa  as  a  saccu- 
lated canal,  bound  down  to  the  iliacus  by  the  peritoneum  which 
passed  over  its  anterior  and  lateral  aspects. 

The  second  and  third  cases,  which  followed  at  close  intervals, 
were  of  precisely  the  same  character,  and  both  in  men.  Three  months 
later  a  fourth  case  of  a  more  complex  kind  appeared.  A  man  was 
admitted  with  an  enormous  scrotal  hernia  on  the  left  side.  On 
operating  with  a  view  to  radical  cure,  a  peritoneal  sac  was  opened,  and 
within  it  lay  14  inches  of  colon.  When  the  gut  was  nearly  reduced, 
the  last  2  inches  on  the  proximal  side  were  found  to  be  covered  with 
peritoneum  only  on  the  superior  aspect,  the  membrane  being  there 
continuous  with  that  forming  the  opening  of  the  sac.  The  bowel 
on  the  proximal  side  could  be  traced  upwards  along  the  iliac  fossa, 
exactly  as  in  the  thi'ee  cases  described.  Here  it  was  plain  that  the 
iliac  portion  of  the  sigmoid  colon  was  fixed  to  the  iliac  fossa  with- 
out a  mesentery,  while  the  pelvic  portion  developed  a  long  meso- 
colon, which  was  probably  attached  along  the  pelvic  wall  and  to 
the  upper  part  of  the  sacrum.  All  four  cases  recovered  without 
accident,  and  hence  no  further  examination  was  possible,  but  it  is 
unlikely  it  could  have  added  anything  of  moment  to  the  observa- 
tion already  made. 

All  anatomists  will  agree  that  such  variations  should  be  looked 
for  and  recorded,  in  the  interests  both  of  anatomy  and  surgery  ;  and 

1  Brit,  Med,  Jour,,  Aug.  1895. 
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I  ventnre  to  miggeet  tlut  the  v&iiations  of  Ok  mgmold  colon,  or  of  the 
whole  colon,  be  made  one  of  the  sahjecte  of  our  annual  coUeetiTe 
iarestigations. 

Dr  J.  D1B8E,  ProfeBBor  of  Anatom;  at  Marboig,  read  the  foUowing 
notes  on  the  Early  Deodopment  of  the  Olfactory  Nerve. 


O^tlary 


Neuroblant 

(Hfaetcry 
CM 

Stage  3. — Embryo  of  chick,  fifth  d«y  of  iDOobation. 

It  was  stated  by  His  some  years  ago,  and  corroborated  by  Eiilliker, 

that  in  mammals  and  birds  the  olfactory  nerve  arises  out  of  a  ganglion. 

The  ganglion  cells  grow  out  of  the  epithelium  of  the  olfactory  pit. 

This  outgrowth  is  preceded  by  humeroUH  cell  divisions  on  the  epithe- 


Staor  1. — Embryo  of  chick,  third  day  ofincabation. 
lium,  forming  round  cells,  wandering  to  the  outer  surfoce  of  the 
epithelium  and  into  the  mesoderm,  and,  being  transformed  into  conical 
cells,  the  neuroblasts.  The  olfactory  ganglion  consists  of  these  neuro- 
blasts ;  from  the  ganglion  grow  the  fibres  of  the  olfactory  nerve  into 
the  forebmin.    Therefore  the  olfactory  nerve  is  not,  as  it  was  believed, 
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an  outgrowth  from  the  brain,  but  formed  by  a  periphericol  ganglion 
of  epiblaatic  origin, 

Tlie  ganglion  of  the  olfactory  neire  extends  from  the  oUactot?  pit 
to  the  brain.  At  fint  it  coofiifitB  only  of  cella :  later,  fibres  are  de- 
veloped, and  it  is  probable  that  the  fibres  proceed  from  the  ganglion 
cells.  Each  cell  becomes  bipolar,  and  aenda  out  two  fibres  in  opposite 
directions.  Later,  the  cells  are  concentrated  on  the  proximal  aad  of 
the  nerve,  enveloping  the  olfactory  bulb.  At  this  time  the  nerve 
consists  mostly  of  fibres  connecting  the  olfactory  bulb  with  the 
epithelinm  of  the  olfactory  pit.  The  ganglion  has  been  transformed 
into  a  nerve. 

This  statement  of  His  did  not  describe  the  ending  of  the  fibres  of 
the  olfactory  nerve  in  the  epithelium.  Some  years  ago  it  was 
admitted  that  a  nervous  fibre  could  be  connected  with  an  epithelial 
cell, — that  it  could  terminate  in  a  cell     On  that  view  were  explained 
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the  connections  of  the  nervous  fibres  with  the  olfactory  cells.  Now 
we  are  inclined  to  state  that  the  fibres  of  the  sensory  nerves  generally 
have  a  free  termination :  if  we  see  a  cell  connected  with  a  nervous 
fibre,  we  take  the  cell  to  be  a  ganglion  cell,  giving  origin  to  a  nerve 
fibre. 

Thus  some  recent  observers  regard  the  olfactory  cells  ('Biech- 
zellenl  of  Max  Schultze  as  true  ganglion  celU,  from  which  the  nerve 
fibres  take  theii  origin.  This  view  has  been  confirmed  by  the  state- 
ment of  Van  Gehuchten,  that  the  fibres  of  the  olfactory  nerve  terminate 
freely  in  the  olfactory  bulb.  Considering  the  fact  that  the  olfactory 
fibres  aie  connected  with  the  olfactory  cells,  and  that  they  have  a  free 
termination  in  the  brain,  we  may  be  induced  to  believe  that  tlie  fibres 
of  the  olfactory  nerve  cannot  arise  from  a  ganglion  situated  at  some 
distance  from  the  epithelium  of  the  olfactory  pit.  We  may  expect 
that  the  olfactory  cells  form  the  ganglion  of  origin,  and  in  this  case 
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the  cells  wandering  oat  of  the  epiUieUani  of  the  oUactot;  pit  would 
not  have  the  valae  of  nerve  celle. 

We  may  ask.  Do  the  fibres  of  the  olfactoiy  nerve  roally  take  origin 
from  the  cells  situated  in  the  epithehum  of  the  olfactory  ^t,  or  do 
they  grow  out  of  a  ganglion  dtnated  in  the  meeodenn  1 

I  endeavonied  to  answer  this  by  means  of  the  method  of  QolgL  Up 
to  the  present  I  have  only  encceeded  in  biidn,  not  in  mainm»lii  The 
best  specimen  a  I  got  from  the  chicle. 

The  first  stage  was  obtained  from  an  embryo  of  Uie  third  day. 

In  the  epithehnm  of  the  olfactory  pit  there  were  two  lands  of 
stained  cells,  different  in  size  and  shape.  One  cell  is  ovoid,  situated 
near  the  inner  surface  of  the  epithelium,  and  aending  a  thin  process 
which  passes  to  the  mesoderm.  The  process  ends  in  the  epithelinm, 
near  the  mesodermic  surface.     On  each  side  of  this  cell  we  find 
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columnar  epithelial  cells  formed  at  the  lower  end.  The  ovoid  cell  I 
am  inclined  to  regard  as  a  neuroblast  It  is  shown  by  His  that  such 
celts  are  formed  early  in  the  epithelium  of  the  olfactory  pit 

In  the  next  stage,  an  embryo  of  the  fifth  day,  an  olfactory  nerve 
was  developed,  passing  from  the  olfactory  pit  to  the  under  surface  of 
the  forebrain.  The  fibres  of  the  nerve  were  only  in  contact  with  the 
thin  membranous  coat  of  the  brain ;  they  did  not  enter  into  the  brain 
itself.  The  nerve  consists  of  the  processes  of  cells  situated  in  the 
epithelium  of  the  olfactoiy  groove. 

Some  of  the  fibres  may  be  distinctly  traced  from  the  origin  in  the 
epithelium  far  into  the  mesoderm.  Each  cell  sends  a  long,  thin  fibre, 
entering  the  mesoderm ;  by  convergence  of  these  a  nervous  bundle  is 
formed,  running  straight  to  the  brain.     Most  of  these  cells  show  a 
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second  process,  directly- opposite  to  the  nerve  fibre,  passing  to  the 
inner  surface  of  the  epithelium.  This  process  is  shorter  and  thicker 
than  the  nervous  process ;  it  also  appears  later. 

We  may  state  that  the  fibres  of  the  olfactory  nerve  take  origin  from 
cells,  like  the  fibres  of  all  the  other  nerves;  that  these  cells  are 
situated  in  the  epithelium  of  the  olfactory  pit,  and  do  not  form  a  part 
of  a  ganglion  situated  in  the  mesoderm.  In  the  course  of  the  olfactory 
nerve  no  ganglion  exists ;  only  a  few  cells  are  to  be  seen,  of  which  I 
will  speak  later.  We  may  state  also  that  in  the  first  stage  neuroblasts 
are  seen,  and,  later,' ganglion  cells  are  developed ;  so  it  is  very  probable 
that  the  neuroblasts  are  transformed  into  ganglion  cell&  The  neuro- 
blasts do  not  leave  the  epithelium  of  the  olfactory  pit:  they  are 
unipolar  cells,  and  become  converted  into  bipolar  cells,  resembling  the 
olfactory  cells  of  Max  Schultze.  Neuroblasts,  showing  only  one  long 
nervous  process,  are  found  together  with  bipolar  cells  in  the  same 
section. 

As  the  specimens,  stained  after  the  method  of  Oolgi,  show  that  the 
olfactory  nerve,  from  the  beginning  of  its  existence,  consists  of  fibres, 
and  allow  us  distinctly  to  see  the  cells  sending  out  the  fibres,  it  is 
easily  understood  that  the  cells  connecting  at  this  period  the  epithe- 
lium of  the  olfactory  pit  with  the  forebrain  have  not  the  value  of 
nervous  cells.  These  cells  growing  out  of  the  epithelium  are  very 
numerous,  and  cover  the  fibres  of  the  olfactory  nerve,  so  that  they 
become  quite  invisible.  In  the  early  stages  the  olfactory  nerve  only 
is  shown  by  the  method  of  Golgi. 

It  has  already  been  mentioned  that  we  find,  in  the  course  of  the 
nerve,  some  cells.  These  are  really  ganglion  cells,  sending  out  ner- 
vous fibres,  which  are  stained  by  the  Golgi  method.  The  cells  are 
found  close  to  the  epithelium  of  the  olfactory  pit ;  also  close  to  the 
brain ;  they  are  few  in  number,  though  it  may  be  that  only  a  part  of 
them  is  stained.  From  the  5th  to  the  8th  day  we  see  unipolar, 
pyriform-shaped  cells,  sending  out  only  one  fibre,  and  also  bipolar 
cells.  The  processes  become  nervous  fibres :  in  the  unipolar  cells  the 
fibre  is  directed  towards  the  brain;  in  the  bipolar  cells  one  fibre 
is  directed  to  the  brain,  the  other  to  the  olfactory  pit  I  am 
inclined  to  suppose  that  the  proximal  nervous  process  directed  to  the 
brain  appears  first,  the  distal  fibre  passing  to  the  olfactory  pit  being 
formed  later.  All  the  unipolar  cells  would  be  converted  into  bipolar 
cells.  Though  I  could  not  find  any  of  these  cells  showing  the  two 
processes  for  a  long  distance,  I  saw  some  cells  possessing  a  long 
proximal  fibre,  and  others  presenting  the  distal  fibre  clearly.  It  was 
stated  that  none  of  the  distal  fibres  enter  the  epithelium  of  the 
olfactory  pit,  but  there  are  seen  in  the  epithelium  nervous  fibres 
coming  out  of  the  olfactory  nerve  and  terminating  free  on  the  inner 
surface  of  the  epithelium,  with  a  small  knob.  As  in  the  specimens  of 
that  stage  only  the  olfactory  nerve  is  visible,  and  no  trace  of  the  fifth 
nerve  is  seen,  I  am  induced  to  adopt  the  view  that  the  free  terminating 
fibres  belong  to  the  olfactory  nerve,  and  that  they  take  origin  from 
ganglion  cells  situated  in  the  course  of  the  nerve. 
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It  is  probable  that  these  ganglion  cells  aie  developed  from  neuro- 
blasts leaving  the  epithelium  of  the  olfactory  pit  ^s  has  observed 
that  in  the  human  embryo  neuroblasts  are  wandering  into  the  meso- 
derm. I  can  confirm  this  observation  :  it  is  apparently  the  b^inning 
of  the  formation  of  a  ganglion,  the  ganglion  remaining  inoompletei 
because  most  of  the  nerve  cells  remain  in  the  epithelium. 

In  the  olfactory  nerve  of  Petromyson,  bipolar  ganglion  ceUs  were 
seen  by  Dr  Pogqjeff  (Arehiv  fiir  Mihxmkqpisehe  Anaiomie^  Bd.  31, 
1888).  The  same  relations  exist  as  in  the  embryo  of  the  bird.  In 
the  olfactory  nerve  of  mammals  I  have  not  yet  been  able  to  find  nerve 
ceUs,  and  I  cannot  say  if  these  cells  in  birds  are  persistent  or  transi- 
tory.    Further  research  is  required. 

The  epithelial  cells  found  in  the  course  of  the  developing  olfaotoiy 
nerve  are  destined  to  form  a  sheath  for  the  fibres  of  the  olfactory 
nerve.  This  sheath  was  known  long  ago ;  its  cells  were  regarded  as 
belonging  to  the  mesoderm.  But  it  has  been  shown  that^  together 
with  the  fibres  of  the  ol&ctory  nerve,  ceUs  leave  the  epithelial  layer 
and  follow  the  course  of  the  nerve.  They  become  converted  into  thin 
cells,  forming  sheaths  for  the  nervous  bundles. 

It  is  not  my  intention  to  enter  into  a  discussion  on  the  morphology 
of  the  olfactory  nerve.  I  can  only  believe  that  it  belongs  to  the 
branchial  system  of  the  nerves  of  the  head.  While  of  the  ganglion 
cells  of  the  succeeding  nerves  only  one  part  is  derived  from  the  epi- 
thelium, in  the  olfactory  nerve  all  the  nerve  cells  are  directly  produced 
by  the  ectoderm. 

From  its  first  appearance  the  olfactory  nerve  consists  of  fibres  like 
the  other  cranial  or  spinal  nerves.  The  cells  giving  origin  to  the  fibres 
remain  in  the  epithelium  of  the  olfactory  pit,  where  they  are  situated 
at  the  beginning  of  the  formation  of  the  nerve. 

In  the  general  and  typical  relations  the  olfactory  nerve  of  the 
youngest  embryo  is  quite  similar  to  the  olfactory  nerve  of  the  grown- 
up animals. 

Prof.  W.  Spalteholz  (Leipzig)  read  the  following  notte  on 
Reticulated  Tissue :  its  Relation  to  the  Cells,  mnd  its  Arrangement  in 
different  Organs, 

The  connective  tissue  presents  a  great  many  problems  of  interest 
which  cannot  be  solved  by  ordinary  methods.  One  of  these  interest- 
ing points  is  presented  by  the  so-called  reticulated-lymphoid  or  ade- 
noid tissue,  when  we  study  the  relation  of  its  fibres  to  the  cells,  and 
also  its  arrangement  in  different  organs. 

Investigations  as  to  these  points  have  been  conducted  during  the 
past  year  by  myself,  and  also  by  Dr  Hoehl  and  Dr  Biihle,  who  have 
worked  under  my  direction. 

So  far,  we  have  examined  fully-formed  tissues  only,  and  have  not 
yet  examined  them  in  their  early  stages  of  development. 

The  following  is  a  short  account  of  our  methods  and  results.  The 
first  point  we  inquired  into  was  the  relation  of  the  reticulated  fibres 
to  the  cells.     There  are  two  different  opinions  as  to  this  relation. 
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AccordiBg  to  some  obeerveis,  all  fibres  are  regarded  as  processes  of  cells, 
while  others  mamtain  that  an  independent  system  of  fibres  exists  in 
the  form  of  a  network,  to  which  the  cells  are  merely  attached  or 
applied. 

The  difficulty  in  deciding  this  point  is  owing  to  the  fact  that  in  a 
great  measure  the  network  is  concealed  by  the  cells,  and  all  methods  by 
which  the  cells  are  brushed  away  may  be  suspected  of  producing  arti- 
ficial appearances. 

We  must  therefore  find  a  method  by  which  it  is  possible  to  render 
both  parts  distinct  by  colouring  the  untouched  tissue.  We  succeeded 
best  in  the  lymphatic  glands  by  using  a  modified  picro-fuchsin  colour- 
ing (after  Van  Oiesen).  By  this  the  fibres  are  coloured  red,  and  the 
protoplasm  of  the  cells  yellow. 

From  such  preparations  (which  I  hope  to  have  an  opportunity  of 
demonstrating  to  you)  it  is  evident  that  there  exist  fibres  in  the 
mature  organs  which  are  not  the  processes  of  ceUs,  but  which  at 
certain  points — ^for.  example,  in  the  sinuses  of  lymphatic  glands — are 
nearly  completely  surrounded  by  the  protoplasm  of  the  cells  which 
are  attached  to  them. 

In  other  places,  e.g,j  the  liver,  kidneys,  and  intestines,  these  sur- 
rounding cells  and  sheets  of  protoplasm  are  wanting,  the  fibres  being 
quite  naked.  I  must  admit  that  in  many  organs,  especially  during 
their  development,  a  network  of  fibres  exists,  which  is  formed  by  the 
processes  of  cells,  in  addition  to  the  independent  network  which  I 
have  mentioned. 

By  comparing  these  coloured  preparations  with  others  which 'have 
been  made,  either  by  careful  maceration  in  alcohol  and  water,  1-3, 
and  shaking,  or  by  digesting  with  an  alkaline  solution  of  trypsin,  they 
do  not  show  anything  which  is  not  to  be  made  out  by  the  picro- 
fuchsin  coloration  of  untouched  specimens.  The  only  difference  is 
that  the  network  and  its  arrangement  is  much  clearer  in  digested 
preparations  than  in  others. 

The  digesting  method  does  not  (as  many  people  think)  produce 
artificial  appearances,  but  it  must  be  looked  upon  as  of  great  value, 
and,  for  the  investigation  of  connective  tissue,  has  a  superiority  over 
other  methods,  as  it  gives  great  clearness  to  the  arrangement,  and  can 
easily  be  carried  out. 

During  all  our  investigations  we  used  well-stained  material,  and  at 
first  we  digested  large  pieces  in  bulk,  but  afterwards  single  sections, 
after  having  first  fixed  them  on  slides.  This  last  method  has  the 
advantage  that  in  sections  of  the  same  paraffin  blocks  different  methods 
can  be  employed ;  one  section  can  be  coloured  untouched,  the  next 
can  be  digested,  etc. 

We  fixed  the  sections  on  slides  which  had  been  absolutely  cleaned 
with  distilled  water,  then  freeing  them  of  any  trace  of  fat  by 
steeping  in  benzin  twenty-four  hours  to  seventy-two  hours,  and 
then  digesting  them  for  twelve  to  twenty-four  hours  in  an  alkaline  solu- 
tion of  pancreatin  (Parke,  Davis  &  Co.,  Detroit),  then  colouring 
them  with  iron  haematozylin. 
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I  would,  lastly,  mention  that  the  digestion  by  trypsin  brings  out 
not  only  the  reticulated  but  also  the  collagenous  fibres :  a  clear 
differentiation  of  these  tissues  is  not  yet  possible  by  any  means. 
In  deciding  whether  a  fibre  belongs  to  the  collagenous  or  reticulated 
tissue,  we  can  only  conclude  from  their  thickness  and  arrangement. 

Prof.  A.  Francis  Dixon  exhibited  a  number  of  lantern  slides  illus- 
trating the  mode  of  development  of  the  4th  nerve  in  the  rat  embryo. 
Of  interest  is  the  presence  of  a  large  number  of  cells  in  the  course 
of  the  intermediate  part  of  the  nerve.  At  certain  stages  the  proxi- 
mal and  distal  parts  of  the  nerve  are  quite  fibrous,  and  resemble 
in  their  structure  the  3rd  nerve,  while  the  intermediate  part  of  the 
nerve  contains  very  large  numbers  of  nuclei  in  its  course,  and  resembles 
a  cord  of  cells  rather  than  a  fibrous  nerve.  The  origin  of  these  cells 
is  not  from  the  trigeminal  complex,  and  thus  they  differ  from  the 
cells  having  a  somewhat  similar  position,  which  have  been  described 
for  elasmobranch  embryos,  by  Dohm,  Froriep,  and  Miss  Plat 

Since  the  fibrous  proximal  part  of  the  nerve  is  present  before  the 
cord  of  cells  is  evident^  these  cells  can  in  no  way  represent  cells  of  a 
posterior  nerve  root  This  cellular  structure,  in  the  course  of  the  4th 
nerve,  is  not  found  in  the  early  human  embryo. 

Prof.  D.  J.  Cunningham,  F.£.S.,  read  a  paper  on  The  Development 
of  the  Fissure  of  Rolando  and  of  the  Calcarine  Fissure.  It  is  printed 
on  p.  586  of  the  Journal  of  Anatomy  and  Physiology'—Jxilj  1897. 

A  paper  on  The  finer  Ramifications  of  the  Nerves  in  the  Musdes 
was  read  by  Dr  Frohsb,  Berlin.  The  paper  contained  the  combined 
observations  of  Prof.  K.  v.  Bardeleben  and  Dr  Frohse,  both  having 
been  working  at  the  subject^  unknown  to  each  other,  for  over  a  year, 
and  both  having  arrived  at  practically  similar  results.  Their  results 
showed  that  there  were  many  nerves  ending  in  the  coats  and  sheaths 
of  vessels,  in  tendons,  in  the  capsular  ligaments  of  joints  and  in  bones, 
of  such  a  considerable  size  that  it  was  a  matter  of  surprise  how  they 
could  have  so  long  escaped  observation.  Prof.  K.  von  Bardeleben, 
who  had,  in  the  spring  of  this  year,  made  a  communication  on  this 
subject  at  the  meeting  at  Ghent^  was  unfortunately  unable  to  attend 
the  meeting  at  Dublin,  owing  to  illness.  Dr  Frohse  had  numerous 
specimens  and  drawings  of  his  own  to  show  to  the  meeting,  to  demon- 
strate the  points  dealt  with  in  the  paper. 

In  1879  Professor  Schwalbe,  in  his  research  "  Das  Gesetz  des  Mus- 
kelnerveneintritts,"  came  to  the  conclusion  that  the  point  of  entrance 
of  a  nerve  into  a  muscle  or  into  a  muscle  bundle  (primitiver  muskel) 
corresponds  to  the  middle  point,  or  centre  of  gravity,  of  that  muscle 
or  bundle,  so  that  when  a  nerve  enters  a  muscle  or  muscle  bundle  by 
a  number  of  branches  arranged  in  a  line,  the  upper  and  the  lower  ends 
of  that  line  are  equally  distant  from  the  upper  and  lower  ends  of  the 
whole  muscle,  or  of  the  muscle  bundle.     This  observation  is  some- 
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What  sweeping,  and  would  require  qualification  for  individual  muscles 
as  well  as  for  animals  of  di£Peient  kinds. 

Prof.  Hasse  of  Breslau  had  published  an  atlas  giving  the  points  of 
stimulation  for  all  the  muscles  of  the  human  body,  but  the  drawings 
are  not  very  clear,  and  some  of  the  points  given  are  not  quite  right. 
The  points  and  lines  for  the  stimulation  of  muscles  which  surgeons  had 
arrived  at  experimentally  are  more  correct.  The  point  of  entrance 
of  a  nerve  within  a  muscle  is  not  confined  to  any  one  small  area  : 
there  are  numerous  points,  great  and  small,  where  the  twigs  of  the 
nerve  trunk  enter  the  muscle.  The  twigs  are  distributed  throughout 
the  muscle  from  the  tendon  of  origin  to  the  tendon  of  insertion,  and 
form  numerous  anastomoses  with  each  other  within  the  muscle. 

It  is  important  to  observe  that  twigs  perforate  the  muscle  and  end 
on  its  superficial  aspect,  where  l^ey  become  easily  accessible  to 
electrical  stimulation.  The  nerves  to  the  tendons  coming  out  of  the 
extra  muscular  network  have  especially  this  tendency  to  a  superficial 
distribution.  Is  it  not  possible  that  the  twigs  that  terminate  on  the 
surfaces  of  tendons  may  be  the  points  at  which  the  whole  nervous 
network  of  a  muscle  is  directly  stimulated  in  the  phenomena  of 
tendon  reflexes  ? 

The  conclusions  which  had  been  reached  might  be  thus  summed 
up: — 

(1)  The  point  of  entrance  and  manner  of  distribution  of  a  nerve 
within  a  muscle  had  no  correspondence  to  the  shape  of  the  muscle. 
The  form  in  which  nerves  ramified  varied  widely. 

(2)  Each  nerve  divides  into  two  branches,  or,  in  other  words,  the 
nerve  trunk  sends  off  but  one  branch. 

(3)  Each  nerve,  just  before  entering  the  muscle,  or  during  its  course, 
rarely  towards  its  termination,  gives  o£f  one  or  several  vasomotor 
branches.  The  exact  origin  in  the  central  nervous  system  of  the 
vasomotor  twig  requires  further  investigation. 

(4)  The  nerve  may  enter  the  muscle  along  with  the  vessels,  forming 
a  sort  of  hilus,  or  it  may  enter  separately. 

(5)  As  soon  as  the  nerve  reaches  the  muscle,  it  gives  off  a  recurrent 
branch  to  the  proximal  end  of  the  muscle ;  the  more  distal  the  point 
of  entrance,  the  more  numerous  and  greater  the  recurrent  branches. 

(6)  The  point  of  entrance— or  points,  to  speak  more  correctly,  for 
there  are  commonly  several  points — are  situated, 

A.  (a)  On  the  deep  aspect  of  the  muscle— ^/ocees  profunda  ; 

(b)  On  the  margin  of  the  muscle ; 

(c)  On  the  superficial  aspect  of  the  muscle. 

1>.  (a)  Quite  at  the  proximal  end,  an  uncommon  situation  seen 
in  the  M.  semitendinosus ; 

(b)  Proximal  to  the  point  of  junction  of  the  upper  and  middle 

thirds— common ; 

(c)  At  the  middle  or  geometrical  middle  point — rare ; 

(d)  In  the  distal  third  of  the  muscle — ^rare. 

(7)  What  is  the  '  point  of  entrance '  ?  (EintrittseteUe).  Is  it  the 
point  at  which  a  nerve  disappears  in  a  muscle  which  has  not  been 
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prepared  by  maceration,  forceps,  and  scalpel  ?  No !  The  '  entrance 
point'  must  be  regarded,  until  better  ^an  be  shown,  as  the  final  ter- 
minations of  nerve  twigs  visible  to  the  naked  eye,  twigs  of  about  0*03 
mm.  in  diameter,  terminating  in  muscle-bundles  measuring  in  breadth 
about  1  mm.  For  all  such  muscle  bundles  {primitive  Muekeln^  Schwalbe) 
separate  entrance  points  for  nerves  are  recognisable. 

(8)  The  manner  of  ramification. — The  number  of  *  extra-muscular ' 
twigs,  using -the  term  in  the  sense  defined,  is  exceedingly  great,  and 
there  are,  of  course,  a  correspondingly  great  number  of  points  of 
entrance. 

The  forms  in  which  nerves  ramify  are — 

(a)  In  a  preponderating  number  of  descending  branches  ; 

(b)  In  long  descending,  short  ascending  branches ; 

(c)  In  nearly  an  equal  number  of  long  ascending  and  descend- 

ing branches ; 

(d)  In  the  figure  of  a  '  Facher,*  the  nerve  dividing  into  two 

branches,  there  being  no  central  stem ; 

(e)  In  the  form  of  a  Kegelmantel  (with  the  same  qualification 

sain  d); 
(/)  In  an  arborescent  form,  as  in  the  Pronator  qtutdraiws, 
Anconeus  quartus.     The  twig  may  give  off  branches 
from  one  side  only,  as  in  the  Psoas  mqjor  and  lUacus^ 
or  from  both  sides,  as  in  the  Deltoideus. 

(9)  In  the  course  of  muscle  nerves  numerous  extra-  and  intra- 
muscular communications  take  place  in  the  form  of  loops,  plexuses,  and 
anastomoses  ;  and  further,  which  is  a  fact  quite  new  as  regards  higher 
mammals,  there  is  an  Intra-musculab  Plexus.  Such  plexuses  have 
been  found  in  every  one  of  the  larger  muscles  investigated — Deltoideiu, 
Biceps  .  brachii^  Brackialis  intemus^  SupimUor  longus  (Brcuhio-radi- 
alis),  the  muscles  of  the  forearm,  the  Adductor  longus,  SartortuSf  Grch 
cilis,  etc 

10.  The  double  nerve-supply  of  such  muscles  as  the  Flexor  digitorum 
profundus^  PectineuSj  and  Adductor  magnus  was  observed  and  con- 
firmed as  constant  The  Brachialis  intemus  {atUicus)  always  receives 
one  or  more  twigs  from  the  N.  radicdis  (muscolo^piral).  Professor  E. 
V.  Bardeleben  observed  that  the  Flexor  digitorum  sublimis  in  many 
mammals  receives  twigs  from  the  N.  tdnaris,  and  was  able  to  make  a 
similar  observation  in  a  human  forearm.  The  branch  of  the  anterior 
thoracic  nerve,  which  Luschka  has  described  as  ending  in  the  deltoid 
muscle,  had  never  been  seen  by  the  authors  to  end  so.  This  twig,  so 
far  as  their  observation  had  gone,  accompanied  vessels,  and  ended  in 
the  tendon  of  the  Peetorcdis  m^^or.  The  nerve  supply  of  the  muscles 
of  the  thumb  had  also  been  a  subject  of  observation.  The  anasto- 
mosis between  the  cutaneous  branches  of  the  median  and  ulnar  is 
well  known.  A  communication  between  the  muscular  parts  of  these 
two  nerves  has  been  seen  by  Flemming.  In  one  hand  Dr  Fiohse  had 
seen  this  communication  very  large,  in  two  other  hands  it  was  small, 
and  in  a  fourth  hand  the  communicating  branch  did  not  perforate  the 
Adductor  poUids,  but  the  third  lumbrical  muscle.    This  point  de- 
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served  to  be  emphasised,  because  in  a  case  where  there  was  section  of 
the  median  nerve  and  atrophy  of  the  thenar  eminence,  reaction  could 
still  be  got  in  the  thumb  muscles  by  stimulation  of  the  ulnar  nerve. 

Every  one  of  the  dissections  which  Dr  Frohse  showed,  and  which 
he  himself  had  prepared,  showed  something  new.  There  is  a  con- 
siderable amount  of  individual  variation  in  the  distribution  of  a  nerve 
to  the  same  muscle,  but  the  general  type  of  ramification  was  constant. 
How  far  the  plexus  arrangement  of  nerves  in  muscles  will  affect  current 
physiological  problems,  whether  or  not  there  are  ganglionic  collections 
of  nerve  cells  in  those  plexuses  that  might  act  as  peripheral  regulat- 
ing centres,  or  what  the  exact  function  of  the  twigs  distributed  to 
blood-vessels  may  be,  are  questions  which  as  yet  cannot  be  definitely 
answered.  Dr  Frohse  has  prepared  numerous  drawings  of  the  termi- 
nation of  nerves  in  muscles,  which  are  to  be  published  in  the  Hand- 
buch  der  Anatomie  dee  Menschen  (Y.  Bardeleben),  in  the  part  dealing 
with  the  muscles  and  nerves  of  the  extremities. 

Dr  G.  J.  Fatten  exhibited  the  lower  Jaw  of  an  old  subject,  in  which 
the  angle  became  so  widened  out  that  the  body  and  ascending  ramus 
lay  almost  in  one  line.  With  this  extreme  modification,  the  neck 
became  very  elongated, — a  condition  probably  due  to  the  head  of  the 
jaw  not  obtaining  proper  apposition  with  the  glenoid  cavity.  The 
sockets  of  the  teeth  were  visible  as  far  back  as  the  first  bicuspids, 
which  fact  suggests  that  the  absorption  of  all  the  alveolar  process  was 
not  complete,  and  that  the  individual  to  whom  the  mandible  belonged 
was  not  exceptionally  old  when  he  died. 

Dr  Fatten  also  exhibited  a  cervical  vertebra  in  which  the  laminae 
had  not  fused ;  this  he  regarded  as  a  very  rare  condition  in  the  lower 
cervical  vertebrsB. 

Professor  D.  J.  Cunningham  exhibited  two  models  illustrating  the 
position  and  form  of  the  kidneys.  One  was  taken  from  a  dissection  of 
a  subject  that  had  been  hardened  by  repeated  injections  of  Miiller's 
fluid  for  a  period  of  six  months.  It  gave  a  view  of  the  kidneys  from 
behind,  and  exhibited  their  relations  to  the  vertebral  column,  the 
twelfth  pair  of  ribs,  the  internal  arcuate  ligaments,  the  muscles  of  the 
region,  the  pleural  sacs,  the  liver,  spleen,  etc. 

The  other  model  showed  the  kidneys,  duodenum,  pancreas,  and 
spleen,  as  exposed  from  the  first  in  a  subject  hardened  by  formalin 
injections.  Professor  Cunningham  explained  that  he  had  prepared 
tlus  model  because  the  left  kidney  exhibited  in  a  very  perfect  way 
the  form  produced  by  gastric  pressure,  conveyed  to  it  from  above,  and 
intestinal  counter-pressure  from  below. 

Dr  G.  Elliot  Smith  read  a  paper  on  the  Morpfiology  of  tlie  Fornix 
and  Margin  cf  the  Cerebral  Cortex,  The  paper  will  be  found  on 
p.  23  of  the  Journal  of  Anatomy  and  Physiology — Oct.  1897. 

Dr  Walter  Smyth  showed  a  living  boy  in  whom  the  stemo-costal 
portion  of  the  pectoralie  me^OT^  as  well  as  the  peetoralis  minor ^  was 
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absent  on  the  right  side.  The  clavicular  part  of  the  moacle  was  well 
developed,  and  the  boy  was  as  strong  on  the  right  side  as  on  the  left 
He  was  right-handed. 

Dr  C.  DE  Bbutnb  read  a  paper  on  Uadaptation  FondioneUe  de  la 
Phagocytose,  A  translation  of  this  will  be  found  on  p.  92  of  the 
Joumfud  of  Anatomy  and  Physiology — Oct.  1897. 

Prof.  W.  Waldbybr  read  a  paper  on  The  Topographical  Anatomy 
of  fJie  Outer  Wall  of  tJie  Pelvic  Cavity ,  with  special  reference  to  the 
position  of  the  Ovary,  This  paper  is  printed  on  p.  1  of  the  Journal 
of  Anatomy  and  Physiology — Oct.  1897. 

W.  Booth  Pbarsall,  F.R.C.S.I.,  contributed  a  paper  on  the 
Linear  Determination  of  tJie  Huma7i  Tooth  Form.  He  showed 
how  difficult  it  is  to  arrive  at  any  definite  description  of  a  normal  set 
of  teeth,  owing  to  the  different  points  of  view  from  which  various 
observers  have  described  teeth.  He  advocated  a  diagrammatic  method 
of  description,  in  which  each  tooth  should  be  treated  as  a  cube,  and 
drawn  from  six  constant  points  of  view,  namely,  in  the  upper  set^ 
mesial,  buccal,  distal,  palatine  (upper),  or  lingual  (lower),  crown,  and 
neck.  He  illustrated  his  contention  by  a  reference  to  the  unsatis- 
factory nature  of  the  figures  of  the  tooth  of  Pithecanthropus  erectus. 

Prof.  B.  C.  WiNDLB  showed  specimens  of  Priestly  Smith's  new 
method  of  mxmnting  ophthalmic  specimens.  This  process  has  been 
described  in  the  Ophthalmic  Review  for  January  1897. 

Prof.  R.  HowDBN  showed  a  case  of  Bifid  Scrotum,  He  said  that 
the  subject  in  which  the  following  conditions  were  found  was  that  of 
an  adult,  and  was  dissected  in  the  University  of  Durham  CoU^e  of 
Medicine,  Newcastle-upon-Tyne,  during  the  winter  session  1896-97. 

The  perns  was  2|  inches  (6 '4  cm.)  in  length,  and  the  glans  and 
prepuce  were  well  formed.  At  the  junction  of  the  penis  with  the 
perinsBum  there  was  seen  a  small  depressed  opening,  and  running 
backwards  from  this  an  elongated  fissure  2  inches  (5  cm.)  in  length. 
At  the  posterior  part  of  this  fissure  another  opening  was  seen,  and 
this  proved  to  be  the  external  orifice  of  the  portion  of  the  urethra 
intervening  between  the  fissure  and  the  neck  of  the  bladder.  The 
fissure  was  bounded  laterally  by  cutaneous  folds,  which  merged  behind 
it,  and  which  became  lost  anteriorly  on  the  under  sur&ce  of  the  penis. 
The  scrotum  was  completely  bifid. 

A  No.  6  catheter  was  passed  into  the  meatus.  This  traversed  the 
length  of  the  penis,  appeared  at  the  perineal  orifice,  and  remained  in 
view  along  the  whole  length  of  the  fissure.  At  the  posterior  part  of 
the  fissure  it  again  disappeared,  and  passed  along  the  remainder  of 
the  canal  into  the  bladder.  The  portion  of  the  urethra  which  ex- 
tended from  the  neck  of  the  bladder  to  the  perinssal  fissure  was 
subsequently  found  to  admit  freely  a  No.  12  catheter. 

On  making  a  dissection  of  the  region,  the  following  ccmditions  were 
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found : — Each  scrotal  bag  contained  a  testicle,  vhich,  although  Bome- 
what  smaller  than  usual,  was  perfectly  formed.  The  transvereuB 
periniei  and  erectorea  penis  muscles  were  well  developed,  and  the 
crura  of  the  penia  were  of  an  aver^  size.  The  accelerator  urinEC 
muscle  consisted  of  two  parte,  one  on  each  side  of  iiia  fissure  already 
described.  These  two  parts  came  into  contact  behind  the  fiasurc, 
while  anteriorly  the  muscle  was  lost  on  the  under  surface  of  the  penis. 
The  spermatic  cords  were  normal,  and  the  prostate  gland,  vasa  defe- 
rent and  TBsicuIte  eemioalea  were  all  present.  On  incising  each  vas 
at  the  base  of  the  bladder,  a  ptobe  was  easily  passed  along  the  duct  into 
that  portion  of  the  uiethitt  which  connected  the  bladder  with  the  ext«rior. 

Photoqkaph  of  a  Cast  of  the  Pkrinxuu. 


A,  penis;  8S',  right  and  left  acroUl  bags;  0,  placed  immediately  to  the  left  of 
the  opening  of  the  uretbn  on  to  the  snrfioe  wher«  the  peub  joins  the 
periiuenm  ;  F  F,  fblds  bounding  laterally  that  portion  of  the  urethra  which 
presented  the  fonn  of  a  groove  ;  An,  anna. 

The  malformation  may,  I  think,  be  explained  by  a  reference  to  the 
development  of  the  external  genitals.  (1)  The  labio-scrotal  or  outer 
genital  folds  have  failed  to  unite  in  the  median  line  to  foim  a  single 
scrotal  bag.  (2)  The  lips  of  the  urogenital  sinus  have  apparently 
completely  united  anteriorly  to  form  the  urethral  canal,  while  pos- 
teriorly they  have  failed  to  join,  so  that  here  the  urethra  assumes  the 
form  of  a  groove,  bounded  laterally  by  the  cutaneous  folds  already 
described, — folds  which  present  a  remarkable  resemblance  to  the  labia 
minora. 

For  the  facts  elicited  by  the  dissection  of  the  region,  Di  Uowden  is 
indebted  to  his  asdetant,  Dr  William  Tumbull. 
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Mr  W.  S.  Haughton  showed  a  number  of  Skiagraphs  which  he 
had  taken,  illustrating  the  application  of  the  process  in  two  departments 
of  anatomical  investigation — 

Ist.    Ossification. 

2nd.  Arterial  anastomosis. 

Dlustrating  the  process  as  applied  to  ossification,  Mr  Haughton 
showed  skiagraphs  of  the  hand,  wrist,  elbow,  foot,  ankle,  knee,  and 
hip  joints,  taken  at  the  following  ages — foetus  '  at  term ' ;  3,  5,  6,  7, 
13,  16,  and  18  years ;  and  also  in  young  adults. 

These  represented  the  skiagraphical  appearance  of  the  various 
centres  of  ossification  at  the  above  ages,  and  also  the  dates  of 
union  of  certain  epiphyses  to  their  diaphyses. 

A  skiagraph  of  an  entire  foetus  showed  well  the  appearance  of  the 
ossific  centres  'at  term/  and  also  the  enamel  in  the  young  teeth,  and 
the  semicircular  canals  in  the  petrous  portion  of  the  temporal  bone. 

Skiagraphs  of  abnormalities  of  the  bones  of  the  hand  were  also 
shown. 

With  regard  to  the  skiagraphs  of  arteries  which  Mr  Haughton 
exhibited,  he  stated  that,  while  working  at  the  application  of  X  rays 
in  surgical  anatomy  for  the  location  of  foreign  bodies,  such  as  brass 
pins,  coins,  etc.,  in  the  larynx,  trachea,  and  oesophagus,  he  found  Uiat 
the  ordinary  paint  injection  in  the  anatomical  department  gave  very 
good  shadows  of  the  arteries  and  their  anastomoses. 

An  attempt  was  therefore  made  to  obtain  a  shadow  picture  of  the 
arteries  in  the  root  of  the  neck  and  limbs,  merely  using  the  ordinary 
dissecting-room  injection,  with  a  larger  proportion  of  'red'  and 
'  white '  lead  introduced. 

Skiagraphs  taken  by  this  method  were  exhibited,  showing  the 
arteries  of  the  root  of  the  neck,  arm,  and  leg,  in  which  most  of 
the  arteries  can  be  recognised,  and  some  of  their  anastomoses 
demonstrated. 

Both  the  skiagraphs  were  taken  in  the  same  subject,  and  the 
injection  had  failed*  to  flow  in  parts  of  the  hand.  This  is  accounted 
for  by  the  fact  that  the  ii^ection  was  rather  thicker  than  usual, 
owing  to  the  increased  proportion  of  '  red '  and  *  white '  lead  used ; 
and  the  difficulty  could,  of  course,  be  overcome  by  making  a  special 
injection  of  the  main  artery  of  each  limb  under  observation.  ' 

Considerable  distortion  of  the  relative  positions  of  certain  vessels,  of 
course,  exists,  because  the  shadows  are  thrown  by  vessels  lying  in 
different  planes ;  hence  the  process  must  not  be  taken  to  represent^  in 
all  case&i,  the  relations  of  the  arteries. 

The  advantages  claimed  for  this  process  are — 

1st  That  the'  method  of  injection  (the  ordinary  dissecting-room 
method)  is  simple. 

2nd.  That  it  seems  to  promise  good  results. 

3rd.  That  no  special  apparatus  is  required  other  than  that  in  daOy 
use  in  every  anatomical  department. 

Uh.  That  no  special  precautions  are  necessary  in  its  manipulation. 
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Thb  Annual  General  Meeting  was  held  at  Charing  Cross  Hospital 
Medical  School,  on  November  26th,  1897,  at  4  p.m.  Present — 
Professor  Thank  (President)  in  the  chair,  twenty-three  members,  and 
thirty-eight  visitors. 

The  minutes  of  the  last  meeting  were  read  and  confirmed. 

The  Treasurer's  Report,  showing  a  balance  of  £80,  lOs.  3d.,  was 
received  and  adopted. 

In  presenting  his  Annual  Report,  the  Hon.  Trbasurbr  remarked 
that  the  ordinary  expenditure  exceeded  that  of  any  previous  year  by 
the  sum  of  £12,  as  the  result  of  the  Summer  Meeting.  The  full  cost 
of  that  had  not  yet  been  met,  but  looking  back  upon  the  success  of 
it,  and  upon  what  he  ventured  to  regard  as  the  record  number  of  the 
Journal  of  Anatomy  and  Physiology  which  it  had  produced,  he 
thought  the  Society  was  to  be  congratulated  upon  the  costliness  of  the 
undertaking.  He  then  commented  upon  the  irregularity  of  receipt  of 
subscriptions  during  the  past  two  years.  He  pointed  out  that  the 
number  of  members  upon  the  roll  exceeded  140,  whence  it  followed 
that  the  annual  subscriptions,  if  paid  regularly,  should  suffice  for  the 
maintenance  of  the  ordinary  year's  work  of  the  future,  and  remarked 
that,  in  anticipation  of  the  more  regular  receipt  of  subscriptions,  he  pro- 
posed to  invest  the  greater  part  of  the  balance  in  hand  .as  the  nucleus 
of  a  deposit  account.  To  do  so  would  be  to  furnish  the  opportunity  of 
instituting  a  composition  fee,  for  which  some  members  had  expressed 
a  desire,  the  consideration  of  which  was  already  before  the  Committee 
of  Management. 

d 
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The  following  gentlemen  were  elected  officers  for  the  ensuing 
year: — President — A.  Macalister,  M.D.,  F.R.S.  Vice- Presidents — 
A.  Birmingham,  M.D. ;  C.  B.  Lockwood ;  A.  H.  Young,  M.B. 
Treasurer  —  G.  B.  Howes,  F.R.S.  Secretaries  —  F.  G.  Parsons 
(England);  J.  Musgrove,  M.D.  (Scotland);  W.  S.  Haughton,  M.B. 
(Ireland).  Council — T.  Bryce,  M.D. ;  D.  J.  Cunningham,  M.D., 
F.R.S. ;  A.  F.  Dixon,  M.B. ;  E.  Fawcett,  M.B. ;  Percy  Flemming, 
M.D.;  H.  Gadow,  F.R.S.;  Rohert  Howden,  M.B. ;  A.  W.  Hughes, 
M.D. ;  Arthur  Keith,  M.D. ;  J.  Yule  Mackay,  M.D. ;  G.  H.  Makins ; 
T.  H.  Openshaw,  M.B.,  M.S. ;  A.  M.  Paterson,  M.D. ;  Arthur  Robin- 
son, M.D. ;  E.  Barclay -Smith,  M.D. ;  G.  D.  Thane;  Arthur  Thomson, 
M.B. ;  G.  R.  Turner ;  Sir  Wm.  Turner,  F.R,S. ;  Bertram  Windle,  M.D. 

Professor  Macalistrr  then  took  the  chair,  and  thanked  the 
meeting  for  electing  him. 

A  vote  of  thanks  to  Professor  Thane  was  proposed,  seconded,  and 
carried  by  acclamation. 

The  following  candidates  were  elected  members  : — "W.  H.  Gasebll, 
M.D.,  F.R.S.,  University  Lecturer  in  Advanced  Physiology,  Cam- 
bridge, proposed  by  A.  Macalister,  E.  Barclay  Smith,  G.  D.  Thane. 
R.  Travkrs  Smith,  M.D.,  Assistant  Demonstrator  in  Anatomy, 
Trinity  College,  Dublin,  proposed  by  E.  Barclay-Smith,  G.  D.  Thane, 
F.  G.  Parsons.  H.  Batty  Shaw,  M.B.,  B.S.,  F.R.C.S.,  Demon- 
strator of  Anatomy,  University  College,  London,  proposed  by  G.  D. 
Thane,  P.  Flemming,  F.  G.  Parsons.  J.  H.  Cooke,  M.B.,  B  S., 
F.R.C.S.,  Assistant  Demonstrator  of  Anatomy,  University  College, 
London,  proposed  by  G.  D.  Thane,  P.  Flemming,  F.  G.  Parpons. 
Honorary  Members : — Wm.  Waldbybr,  M.D.,  Professor  of  Anatomy 
in  the  University  of  Berlin.  W.  His,  M.D.,  Professor  of  Anatomy 
in  the  University  of  Leipzig.  H.  Lbboucq,  M.D.,  Professor  of 
Anatomy  in  the  University  of  Ghent. 

Dr  Barclay-Smith  showed  the  following  specimens  :-t- 

(1)  An  Efn/ptian  skull,  probably  female,  exhibiting  marked 
asymmetry.  The  skull  was  nearly  microcephalic,  and  presented 
unilateral  absence  of  the  coronal  suture.  The  asymmetry  was  not  in 
accordance  with  typical  plagiocephaly ;  and  whether  the  unilateral 
absence  of  the  coronal  suture  was  the  determining  factor,  or  merely 
a  concomitant  of  the  condition,  was  a  matter  of  doubt. 

(2)  A  remarkable  case  of  dilatation  of  the  Sigmoid  Golon^  accom- 
panied by  extreme  displacements  of  the  stomach,  liver,  and  bladder. 

A  description  of  this  case  will  be  found  on  p.  341  of  the  Journal 
of  Anatomy  and  Physiology, 
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VARIATION  IN  THE  VERTEBRAL  COLUMN  OF  LEPUS 
CUNICULUS.  By  George  P.  Mudqb,  Royal  College  of  Science, 
London. 

Humphry  ^  long  ago  called  attention  to  certain  facts  suggestive  of  the 
double  nature  of  the  centrum  in  the  human  vertebral  column,  such  as 
the  existence  of  two  nuclei  in  the  odontoid  process ;  the  presence  of 
two  blood-vessel  foramina;  and  frequently  a  superficial  groove  or 
notch  on  the  forepart  of  the  vertebral  body.  He  cites  an  instance 
of  cervical  spina  bifida  which  he  had  examined  in  the  museum  at 
Berlin,  in  which  he  found  several  vertebral  bodies  consisting  of  two 
halves,  with  an  opening  between  them,  through  which  a  communi- 
cation was  established  with  a  space  in  front  of  the  column.  In  another 
specimen  there  was  a  similar  condition  of  the  vertebral  bodies  in  the 
back.     Albers  ^  cites  another  instance  of  the  same  kind^ 

Miiller,  according  to  Humphry,  in  his  Handlxjok  of  Physiology^ 
says :  "  the  form  of  the  centre  of  ossification  of  the  body  of  a  vertebra 
is  bilobed ;  only  in  the  sacral  vertebra  of  a  bird  have  I  ever  seen  it  in 
the  form  of  two  distinct  ossifying  points."  Froriep,'  in  his  paper  on 
the  developement  of  the  Chick  and  Calf,  gives  several  figures  which 
show  the  bilobed  nature  of  the  developing  centrum.  (See  plate  2,  figs, 
iv^,  and  v^,  and  iv*.) 

In  the  museum  of  the  College  of  Surgeons,  according  to  Humphry, 
is  a  specimen  of  malformed  foetus,  with  the  lower  part  of  the  spine 
cleft  in  twain. 

Otto,*  Sandifort,^  and  Bland  Sutton  *  have  recorded  the  deficiency 
of  one-half  of  the  centrum,  the  two  former  for  Man  and  the  latter 
for  the  Rabbit,  and  Sandifort  further  mentions  the  existence  of  tw^o 
distinct  nuclei  in  the  lumbar  vertebrae  of  a  human  subject  in  whom 
one-half  of  the  centrum  was  missing  in  the  7th  cervical  and  9th  and 
11th  thoracic. 

In  the  Proceedings  of  this  Society  for  November  1891,  Howes 
described  a  rabbit's  backbone  in  which  only  one-half  of  the  centra 
of  the  8th  and  9th  thoracic  vertebrae  was  represented,  and  in  which  the 
left  half  of  the  8th  had  become  confluent  in  an  obHque  manner  with 
the  right  half  of  the  9  th. 

One  of  the  vertebrae  now  exhibited  is  the  12th  thoracic  of  a  young 
rabbit,  in  which  the  centrum  is  composed  of  two  distinct  pieces,  and 
in  which  the  epiphyses  occupy  a  peculiar  position.  In  fig.  B,  the 
vertebra  is  represented  from  the  ventral  surface ;  and  it  is  there  shown 
that  the  two  pieces  (c)  which  compose  the  centrum  are  separated  from 
one  another  by  a  bony  tract,  which  is  continuous  on  both  the  anterior 
and   posterior  surfaces   with   an   obliquely  arranged  bony   plate,  e. 

^  Humphry,  The  Human  Skeleton,  Cambridge,  1858. 

«  Atlcu  der  Path.  Anat,,  Bonn,  1847. 

'  Archiv,  fur  AnaL  imd  Phys.  AncU.  Ahth.,  1886. 

*  Seltene  Beobachttingeny  2te  Sammlung. 

*  Quoted  by  Humphry. 

*  Jouni,  Anat.  and  Phys.y  vol.  xxiv.  p.  xv. 
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When  viewed  from  the  ponterior  surface,  fig.  C,  this  plate  of  bone 
JB  seen  to  completely  cover  the  centrum,  and  to  be  perforated  by  a 
small  central  canal.  It  is  worthy  of  notice  that  this  plate  is  not 
composed  of  a  siiigle  piece,  but  of  two,  the  line  of  demarcation  being 
indicated  by  a  faint  division  running  in  a  vertical  dorso-ventral  plane, 
in  froQt  and  behind  the  central  canal.  Of  this  division,  that  portion 
which  lies  ventral  to  the  central  canal,  figs.  B  and  C,  is  almost 
completely  obliterated  by  fusion  of  the  two  bones,  while  that  lying 
dorgally  is  quite  apparent.  The  central  canal  is  thus  bounded  by  two 
pieces  of  plate-like  bone,  which  are  strongly  bent,  the  summit  of  the 
convex  surfacee  meeting  in  the  doreo-ventral  plane  above  mentioned. 
The  concave  surface  is  directed  laterally  and  dorsoUy,  and  within  the 
concavity  (figs.  A  and  B)  there  lies  a  small  bone,  c,  flattened  from 
before  backwards,  but  conical,  in  a  plane  which  paseea  from  side  to 
side,  ita  apex  being  outwardly  diverted. 

When  we  endeavour  to  interpret  these  structures,  we  are  met  at 
the  outset  with  several  diflicultiee,  for  the  two  small  bones  marked  e 


may  indicate  one  of  two  conditions :  we  may  either  regard  them  as 
representing  two  centres  of  ossificatiou  in  t)ie  centrum  which  have 
failed  to  meet,  or  we  may  look  upon  them  as  indicative  of  the  oon- 
fluence  of  two  vertebra,  in  each  of  which  only  one-half  has  developed. 
Variations  previously  recorded,  and  to  which  attention  has  been  called, 
equally  support  both  views,  and  we  are  no  nearer  a  conolusion  when 
we  examine  other  features  of  the  vertebra.  It  has  long  been  known 
that  chondrihcation  of  the  centrum  proceeds  from  two  centres,  and 
ossification,  so  far  as  is  known,  from  one.  Upon  comparison  with 
Froriep's  figures,'  it  appears  that  these  two  small  bones  are  coincident 
in  position  with  the  two  centres  of  chondrili cation  ;  and  if  this  be  so, 
then  these  two  structures  represent  two  bones  which  have  ossified 
from  the  same  centres  as  their  cartilaginous  antecedents.  On  the 
other  band,  there  are  several  facts  which  militate  against  such  a  con- 
clusion, and  will  be  mentioned  later. 

The  interpretation  of  the  other  structures,  viz.,  the  two  plate-like 
bones  marked  e,  presents  even  greater  difficulty.  From  their  position 
on  either  s^irface  of  the  centrum,  which  they  completely  hide,  and 
from  the  fact  tliat  the  epiphyses  of  the  vertebra  next  in  front  and  be- 
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hind  were  in  contact  with  them,  it  would  appear  that  they  represent 
in  part  the  epiphyses  of  the  vertehra  in  question.  Unless  this  be  the 
explanation,  the  epiph7ses  of  this  vertebra  are  absent,  for  they  are 
otherwise  unrepresented.  If  such  is  the  correct  interpretation,  the 
fact  that  each  epiphysis  is  split  in  half,  the  right  half  of  the  epi- 
physis of  the  anterior  surface  being  continuous  with  the  right  half  of 
the  posterior  (fig.  £),  and  similarly  for  the  left  half,  seems  exceed- 
ingly strange.  The  arrangement  of  the  epiphyses  can  be  to  some 
extent  explained  by  supposing  that  we  hare  two  halves  of  two  adjacent 
vertebrsB  which  have  become  confluent.  Corroborative  of  such  assump- 
tion are  the  facts  that  there  are  only  six  lumbar  vertebrse  instead  of 
seven,  that  the  parts  of  the  right  side,  such  as  the  zygapophyses 
and  metapophyses,  are  in  advance  of  those  of  the  left  (fifi;s.  A  and  B), 
that  there  are  two  neural  spines  (iig.  A),  and  that  the  transverse 
process  of  the  left  side  is  larger  than  that  on  the  right  (fig.  £). 
Such  an  interpretation,  however,  involves  the  further  assumption 
that  the  epiphyses  of  the  posterior  surface  have  united  with  the 
corresponding  ones  on  the  anterior  surface,  but  for  this  I  could  find 
no  evidence. 

The  obliquity  of  the  parts  of  the  two  sides  and  presence  of  two 
neural  spines,  however,  is  not  confined  to  this  vertebra  alone,  for  on 
the  ninth,  tenth,  and  eleventh  thoracic  and  the  first  lumbar  the 
zygapophyses  and  the  metapophyses  of  the  right  side  are  in  advance 
of  those  of  the  left,  this  being  more  marked  in  the  eleventh  than  in  the 
others,  the  eleventh  also  bearing  two  neural  spines.  In  these  verte- 
bras there  is  no  indication  whatever  of  confluence  of  two  halves  of 
adjacent  vertebrsB.  It  may  be,  however,  than  in  these  the  obliquity 
has  been  brought  about  as  a  matter  of  adaptation  to  the  altered  con- 
dition of  the  twelfth. 

On  the  whole,  perhaps,  the  evidence  favours  the  conclusion  that  we 
are  dealing  with  a  last  thoracic  vertebra  which  has  become  confluent 
with  a  first  lumbar,  only  half  of  each  vertebra  having  developed 
rather  than  with  a  vertebra  the  centrum  of  which  has  ossified  from 
two  centres. 

The  other  two  variations  I  have  to  record  likewise  concern  the  last 
thoracic,  and  belong  to  the  vertebral  columns  of  two  rabbits  in  the 
teaching  collection  of  the  Regent  Street  Polytechnic. 

Both  are  instances  of  ribs  which  have  become  permanently  anky- 
losed  with  the  vertebra;  but  as  the  two  offer  some  differences,  it  will 
conduce  to  clearness  to  describe  each  separately. 

The  first  presents  several  variations  from  the  normal.  As  a  rule, 
the  hypapophysis  is  confined  to  the  1st  and  2nd  lumbar  vertebrae ; 
it  may,  however,  occasionally  occur  on  the  3rd,^  and,  according  to 
Darwin,^  still  more  so  the  last  thoracic.  In  the  vertebra  now  under 
consideration,  the  median  ridge  along  the  ventral  surface  of  the  last 
thoracic  centrum  bears  a  small  hypapophysis,  almost  as  large  as  that 
on  the  2nd  lumbar.     The  right  transverse  process  is  large  and  very 

^  Cf,  Nathenius,  '*  Die  sogenannten  LeporideD,"  Berlin,  1876,  p.  16. 

^  "  Variation  of  Animals  and  Plants  under  domestication,"  edit  2,  vol.  i.  p.  127. 
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much  expanded  for  a  last  thoracic  vertehra,  and  ankylosed  with  its 
free  end  is  a  rib  measuring  2*2  centimetres,  possessing  a  broad  expanded 
head.  The  rib  gradually  tapeis  to  a  much  narrower  extremity,  and 
is  somewhat  slightly  bowed,  being  directed  posteriorly  and  ventrally. 
Upon  the  left  side,  the  transverse  process  is  about  twice  the  length 
of  that  on  the  right,  but  it  is  flat  and  expanded  in  an  antero-posterior 
plane,  and  in  form  quite  unlike  that  of  the  other  side.  It  is  about 
two-thirds  the  length  of  the  same  structure  in  the  succeeding  1st 
lumbar,  and  its  direction  is  somewhat  different,  for  it  is  not  directed 
ventrally  to  the  same  extent,  and  neither  is  it  directed  forward  at 
the  same  acute  angle  as  that.  In  other  respects  the  vei*tebra  is  a 
typical  twelfth  thoracic. 

The  second  case  presents  less  variation,  the  vertebra  being  normal 
in  all  characters,  withtthe  exception  that  the  rib  of  the  left  side  has 
become  firmly  and  completely  ankylosed  with  the  transverse  process, 
which  is  slightly  larger  than  the  corresponding  structure  of  the  other 
side. 

[Additional  examples  illustrating  two  centres  of  ossification  of  the 
bodies  of  the  vertebrae  in  man  are  given  by  Sir  Wm.  Turner  in  the 
Challenger  Reports,  part  xlvii.,  1886,  and  by  Professor  Reid  in  Journal 
of  Anat.  and  Fhys.j  voL  xxi.,  1887.] 

Professor  Symington  gave  the  results  of  an  examination  of  the 
ThymiLS  in  nunierovs  Marsupials,  both  pouch  specimens  and  adults, 
and  his  paper  was  illustrated  by  microscopic  specimens  and  lantern 
slides  of  micro-photographs  and  photographs  of  dissections.  He  found 
that  in  various  examples  of  th&  families  Macropodidse,  Phalangistidse, 
and  PhascolomyidsB  the  thymus  consisted  of  two  distinct  portions — a 
thoracic  and  a  cervical.  The  thoracic  thymus  presented  no  unusual 
characters,  but  the  cervical  portion  was  situated  in  the  ventral  part  of 
the  neck,  covered  merely  by  the  skin,  platysma,  and  fascia,  and  having  its 
deep  surface  in  relation  with  the  sterno-cleido-mastoid  muscles  and 
the  depressors  of  the  hyoid  bone.  In  many  cases  the  two  lateral  lobes 
of  this  cervical  portion  extended  from  the  submaxillary  gland  to  the 
sternum,  and  they  were  not  connected  in  any  way  with  the  thoracic 
lobes.  The  superficial  cervical  thymus  was  absent  in  specimens  be- 
longing to  the  families  DidelphidsB  and  Dasyuridas. 

The  paper  is  published  in  extenso  on  p.  278  of  this  Journal 

Mr  E.  M.  Corner  read  a  paper  on  Notes  on  the  Origin  and 
Development  of  the  Triangular  Fibm-Cartilage  of  the  Wrist.  The 
first  part  consisted  of  observations  on  dissections  of  the  wrist  joints  of 
various  animals,  in  which  it  was  shown  that  the  union  of  the  fibro- 
cartilage  and  the  flexor  part  of  the  capsule  of  the  joint  became  closer 
as  the  rotatory  movements  of  the  wrist  became  developed.  The 
development  of  the  fibro-cartilage  in  the  liuman  subject  was  dealt 
with.  The  nodule  of  cartilage  that  was  described  by  Professor 
Leboucq  as  existing  in  the  radial  and  palmar  part  of  the  triangular 
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ligament  was  shown  in  sections  of  the   third   and  fourth   month 
foetuses. 

It  was  then  suggested  that  the  triangular  fihro-cartilage  may  have 
arisen  as  follows.  With  commencing  movements  of  supination  from 
the  primitive  pronate  condition,  a  tendency  to  fasciculation  will  he 
estahlished  in  the  capsule  round  the  inferior  radio-ulnar  joint,  on 
account  of  the  lateral  thrust  the  ulna  receives  from  the  radius.  These 
bands  are  attached  to  the  styloid  process  of  the  ulna,  and  so,  with  in- 
creasing rotatory  movements,  will  be  drawn  into  the  joint  Hence 
the  fibro-cartilage  may  have  arisen  from  the  flexor  and  extensor  parts 
of  the  capsule,  the  centre  being  formed  either  by  coalescence  of  these 
parts  or  by  the  synovial  membrane  alone.  In  support  of  this  double 
origin,  the  following  facts  are  well  urged  : — 

1.  The  relative  development  of  the  fibro-cartilage  with  that  of 
rotatory  movements,  as  seen  in  the  animal  series. 

2.  The  gradual  absorption  into  the  substance  of  the  fibro-cartilage 
of  two  ligaments  in  the  flexor  part  of  the  capsule,  with  the  gradual 
acquisition  of  rotatory  movements,  as  seen  in  the  animal  series. 

3.  The  structure  of  the  ligament,  in  consisting  of  flexor  and  extensor 
fibrous  bands,  and  a  softer  cellular  structure  at  the  centre. 

4.  The  extreme  thickness  of  the  radial  part  of  the  triangular  liga- 
ment at  its  centre,  as  seen  in  sections  of  the  wrist  of  a  5th  month 
foetus. 

5.  It  accounts  for  the  frequent  perforation  of  the  fibro-cartilage  in 
perfectly  healthy  joints,  which  especially  occur  at  the  radial  and 
central  part  of  the  ligament,  as  an  error  in  its  development,  or  at  least 
as  arising  from  causes  predisposing  thereto.  The  elements  that 
appear  to  make  up  this  structure  are : — 

1.  The  two  bands  of  the  capsule  drawn  into  the  joint  by  rotatory 

movements ; 

2.  And  between  them  the  remains  of  the  cartilage  described  by 

Prof.  Leboucq. 
The   paper  is  published  in  extenso  on  p.  272  of  the  Journal  of 
Anatomy, 

Professor  Macalistbr  exhibited  a  number  of  skulls  showing  the  three 
varieties  of  the  anterior'  nosed  Sfnney  for  which  he  suggested  the  names 
oxyacanthic,  lophacanthic,  and  cryptacanthic.  He  showed  also  a 
number  of  varying  forms  of  the  apertura  pyri/ormis.  In  these  the 
varieties  of  the  lower  border  depended  on  the  relative  positions  of 
the  lateral  margin,  the  paraseptal  line  passing  backwards  and  outwards 
from  the  nasal  spine,  and  the  anterior  dental  ridge  which  contains  the 
canal  for  the  anterior  superior  dental  nerve  and  artery.  Specimens 
were  also  shown  illustrating  the  relations  of  these  ridges  to  the  soft 
parts  both  in  the  European  and  Australian  head,  in  the  foetus  and  in 
the  adult.  When  the  foetal  condition  of  separateness  of  the  lateral 
margin  and  paraseptal  line  persisted,  the  blunt-edged  aperture  may  be 
named  amhlycraspedote ;  when  the  two  lines  united  to  form  a  sharp 
border,  the  opening  may  be  called  oxycraspedoie,  as  in  the  most  of 
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European  adults  ;  when  the  lateral  margin  is  continued  inwards  above 
the  incisor  alveoli  to  bound  a  prenasal  fossa,  as  in  Polynesian,  the 
variety  may  be  named  bothrocraspedote ;  and  when  the  nasal  floor 
and  the  alveolar  facial  surface  are  continuous,  not  separated  by  a 
ridge,  as  in  many  of  the  black  races,  the  form  may  be  called  orygmo- 
craspedote  on  the  middle  area,  but  so  dose  to  the  septal  ridge  that  the 
intermediate  area  is  reduced  to  a  minimum.  It  is,  however,  seldom 
quite  abolished,  so  that  the  presence  of  a  middle  area  may  be  regarded 
as  the  characteristic  mark  of  the  foetal  aperiura  pynformU, 

The  paper  is  published  on  p.  223  of  the  Journal  of  Anatomy  and 
Physiology, 
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A  General  Meeting  of  the  Society  was  held  at  the  London  Hospital 
on  2nd  February  1898,  at  4  p.m.  Professor  Magalistbr,  the  Pre- 
sident, was  in  the  chair ;  eighteen  members  and  thirty  visitors  were 
present. 

Mr  Keith  exhibited  the  Abdominal  and  Tlioraeie  Viscera  of  fimrte^n 
bodies  which  had  been  hardened  in  situ  by  injecting  the  bodies  with 
a  solution  containing  formalin.  Five  of  the  bodies  were  injected  as 
they  lay  on  the  back,  two  as  they  lay  on  the  left  side,  two  on  the 
right  side,  two  on  the  face,  two  upright  with  the  feet  down,  and  one 
upright  with  the  head  down.  Drawings  of  the  bodies,  with  the 
organs  in  HtUy  were  also  shown.  The  investigation  was  made  to 
determine  how  far  organs  changed  in  shape  with  a  change  in  the 
position  in  which  the  subject  was  hardened.  The  most  marked 
change  was  observed  in  the  viscera  of  the  subjects  hardened  on  the 
left  side.  The  characters  of  the  viscera  of  the  other  bodies,  due  to 
the  position  in  which  they  had  been  hardened,  were  not  so  marked, 
and  were  difficult  to  distinguish  from  variations  which  may,  and 
frequently  do,  occur  in  bodies  which  have  been  hardened  in  the  usual 
position,  on  the  back.  It  was  necessary,  in  order  to  eliminate  the 
great  amount  of  individual  variation,  to  investigate  a  much  larger 
series  of  bodies,  the  present  exhibition  being  merely  a  preliminary  one. 
A  fuller  account  of  the  methods  used  are  given  in  the  Journal^  April 
1898,  p.  451. 

Mr  Keith  then  exhibited  ike  Abdominal  and  Thoradc  Viscera  of  an 
Orang  which  had  been  hardened  in  situ  by  the  iigection  of  formalin. 
He  pointed  out  the  exact  correspondence  in  shape  and  markings  of 
the  Uver  of  the  orang  to  that  of  the  child.  A  liver  of  a  child,  which 
he  put  alongside  for  comparison,  showed  the  same  bifurcated  lower 
end  of  the  Spigelian  lobe  as  the  orang's.  The  hepatic  artery  runs 
through  the  notch  between  these  divisions  of  the  Spigelian  lobe. 
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The  spleen,  which  was  unfortunately  enlarged  by  tuberciilosip,  was 
also  of  a  form  frequently  seen  in  human  bodies.  The  upper  or  third 
lobe  was  not  well  marked  in  this  specimen.  The  caecum,  the  appen- 
dix, and  ileo-caecal  valve  were  all  exactly  of  the  form  seen  in  the 
child.  The  pancreas  had  a  separate  duct  for  its  small  head,  and  a 
very  large  tail,  flattened  against  the  kidney  and  lower  half  of  the 
spleen.  This  part  of  the  pancreas  was  not  transverse,  but  bent  sharply 
from  the  body  down  towards  the  caudal  pole  of  the  kidney.  There 
were  four  sharply-marked  ridges  seen  in  tiie  mucous  membrane  of  the 
oesophagus.  The  stomach  showed  a  constriction  at  the  junction  of 
the  pyloric  and  cardiac  parts,  corresponding  to  the  constriction  so 
frequently  seen  in  himian  stomachs.  The  lungs  had  the  same  im« 
pressions  and  markings  as  the  human  lung ;  they  were,  however,  of 
greater  width  and  less  in  height.  Curious  processes  or  buds^  such  as 
may  be  seen  in  the  lung  of  the  human  fcetus,  filled  small  recesses  in 
the  intercostal  spaces  between  the  heads  of  the  ribs.  The  kidney 
showed  a  division  into  four  imperfectly  separated  pyramids. 

A  Case  of  a  Supernumerary  Lobe  of  the  Right  Lvng,    By  Mt  A.  L, 

Matthews,  introduced  by  Pr  Keith. 

The  body  in  which  this  abnormality  occurred  was  that  of  a  woman 
aged  36|  and  was  brought  into  the  dissecting-room  of  this  (the  London) 
hospital  in  November  .1897.  The  cause  of  death  was  carcinoma 
vulvae.  The  lungs  were  quite  healthy,  and  there  were  no  adhesions 
between  the  pleurae. 

The  abnormality  consists  in  a  lobe  of  the  right  lung  being  cut  off 
from  the  general  substance  of  the  normal  upper  lobe  of  the  right  side 
by  the  vena  azygos  major.  This  extra  lobe  includes  the  apex  of  the 
lung,  and  projects  higher  up  into  the  neck  than  the  rest  of  the  lung. 
It  is  somewhat  pyrif orm  in  shape,  and  its  coustricted  neck  is  encircled 
behind,  outside,  and  in  front  by  the  vena  azygos  major,  which  is  con- 
tained in  the  free  edge  of  a  duplicature  of  the  pleura,  which  descends 
from  the  highest  part  of  the  parietal  pleura  in  a  vertical  direction. 
In  addition  to  this  extra  lobe,  the  lung  shows  the  usual  three  lobes, 
though  the  middle  lobe  is  somewhat  smaller  than  usual. 

On  the  inner  side  the  accessory  lobe,  in  itd  sac  of  pleura,  is  in 
relation  with  the  trached,  oesophagus,  recurrenjr  laryngeed  nerve,  and 
the  bodies  of  the  upper  four  dorsal  vertebrae.  Behind,  it  rests  on  the 
heads  of.  the  upper  four  ribs,  and  the  reflection  of  the  pleural  fold 
from  the  posterior  wall  is  about  half  an  inch  froqi  the  heads  of  the 
ribs*  .  .'        ,  . 

The  measurements  of  the  cul-de-sac  of  pletlni  'containing  the  addi- 
tional lobe  are: — the  depth' of  the  cul-de-sac » 2^  in. ;  depth  of  the 
outer  sac  from  the  free  edge  of  the  duplicature » 2  in.  The'  cul'^de- 
sac,'  therefore,  rises  half  an.  inch  higher  than  the  rest  of  the  pleuriEL 
The^ize  of  the  aperture  of  the  eul-de*eac : — antero-posteHor  diameter  » 
'\^  in«;  transverse  diameter^  1  in.  -The  plefutarTises  1^  in'«:ifito  th« 
ncck,^above  the  inner  end.  of  the  fir^t  rib.  ....  ...  .  ...i 
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■   The  diapoeition  of  blood-vessela  and  broncfai  at  the  hilum  of  the 
laog  ia  normal,  except  that  an  additional  bianoh  from  the  pulmonary 


Pic.  1. — I,  Grst  rib ;  VII,  sereatli  rib ;  Ai  ren*  azygoa  nujor  In  free  edge  of 
daplicataroof  pleara;  S,  Bup«rior toua cava ;  P.plenRi;  F, portion  of  ums 
turned  back  oTcr  steronro ;  P",  dnplicature  of  pleura.  Ths  dotted  liiia  n- 
pieseDte  the  height  to  which  the  aoceBsoiy  lobe  rises  in  the  neck. 

arter;  to  the  highest  lobe  in  this  case  cftisses  over  the  eparteTial 
bronchus,  and  rrache^  the  lung  %t  a  higher  level  tfa^thq  hionQhus. 
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The  eparterial  bronchus  divides  into  fipper  and  lower  divxaions. 
The  supernumerary  lobe  is  supplied  only  by  a  par(  of  the  upper 
division.  This  division  splits  into  ventral  and  dorsal  branches. 
Each  branch  again  divides  into  upper  and  lower  parts.  The  upper 
part  of  each  branch  is  distributed  to  the  accessory  lobe,  while  the 
lower  part  goes  to  supply  the  upper  part  of  the  normal  upper  lobe. 

I  have  been  able  to  find  the  following  twelve  previously  recorded 
cases: — 

1.  J.  Chiene,  in  June  1869  {Jour.  ofAriat  and  Phys,,  iv.  89-90), 
described  "  a  supernumerary  lobe,  lying  between  the  upper  lobe  of 
the  lung  and  the  bodies  of  the  dorsal  vertebrae/'  in  all  respects  similar 
to  the  present.  The  measurements  of  the  cul-de-sac  of  pleura  in  this 
case  were  3  x  2  in. 

2.  Professor  Cleland  recorded  a  case  in  May  1870  {Jour,  of  Anat, 
and  Phi/ff.,  iv.  200). 

3.  E.  W.  Collins,  in  April  1874,  Trans,  Roy.  Irish  Acad.,  and  in 
Jour,  of  Anat  and  Phys,,  viii.  388. 

4.  L.  Flirst,  in  187 8^  in  an  article  " Missbildungen  der  Lunge" 
(Handbuch  der  Kinderkrankheiten,  ii.  553-591),  alludes  to  Koki- 
tansky's  case,  the  earliest  on  record. 

5-7.  W.  Alien,  of  Glasgow,  in  1882  {Jour,  of  Anat.  and  Phys.^ 
xvi.  605-614),  reports  that  between  1877  and  1882  "three  well- 
marked  specimens  of  the  lobe  have  been  met  with  in  this  medical 
school.  In  one  case  it  was  present  in  a  foetus,  in  the  others  in  the 
adult,  and  all  were  in  every  respect  similar  to  those  already  put  on 
record."  ....  In  one  case  "  the  lobe  was  larger  than  in  the  other 
cases,  being  made  up  of  the  whole  of  the  apex  of  the  right  lung ;  and 
the  sulcus,  which  cut  it  off,  was  horizontal,  and  not  oblique.'' 

8.  A.  E.  Maylard,  in  October  1885  {id.,  xx.  34-38).* 

9-12.  Wenzel  6ruber,in  1866  {Areh.  fiir  Path.  Anat.,  etc.,  Berlin, 
ciii  484),  records  a  case  in  a  man  30  years  old.  He  also  reports 
having  seen  three  other  cases — two  in  new-born  children,  one  in  a  13 
years  old  female.  Two  of  these  cases  he  recorded  in  1870  {BvU.  de 
VAcad.  Imp.  des  Sc.  de  St  Petersb.,  vil  343-350),  the  third  in  1880 
{Arch,  fiir  Path.  Anat.,  Izzxi  475). 

During  the  last  three  winter  sessions  112  bodies  have  been  dissected 
in  this  college,  and  the  present  case  is  the  only  one  out  of  that  num- 
ber in  which  the  supernumerary  lobe  has  been  found. 

In  recording  the  abnormality,  several  explanations  have  been  put 
forward.  Professor  Cleland  gives  the  explanation,  with  which  £.  W. 
Collins  agrees,  that  at  an  early  period  of  development  there  may  have 
been  a  slight  adhesion  of  the  lung  to  the  thoracic  wall,  or,  leas  prob- 
ably, an  undue  curvature  of  the  embryo,  and  that  this  has  caused  the 
great  azygos  vein  to  drag  down -a  fold  of  the  pleura  and  deeply- notA 
the  lung  instead  of  slipping  behind  both,  when  the  descent  of  the 
heart  caused  the  vein  to  assume  a  horizontal  position,  at  right  angles 
to  its  original  direction. 

Maylard  remarks  that  this  explanation  tends  to  daas  these  cases 

.    ^  See  also  Cruveilhier,  TraiUiFAnaL  deseripCi  8id  edit ,  1862,  p.  491. 
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rather  witli  those  where  an  extra  lobe.,  is  due  to  subdivision  of  a 
primary  lobe,  than  to  the.  development  of  an  additional  one,  as  was 
originally  supposed. 

A  consideration  of  the  distribution  of  the  bronchi  to  the  viscus  in 
the  present  case  seems  to  strengthen  the  opinion  that  the  lobe  is  due, 
to  the  subdivision*  of  ^  primary  lobe ;  for  the  eparterial  bronchus  is 
seen  to  divide  into  two  divisions  before  reaching  the  lung,  and  the 
upper  division  is  distributed,'  as  already  described,  partly  to  the  accesr^ 
sory  lobe  and  partly  to  the  normal  upper  lobe.' 

In  the  process  of  development  '^ the  jugular  vein,  coming  from  the 
head,  and  the  cardinal  vein,  coming  from  the  rump  (Wolffian  bodies), 
unite  on  the  dorsal  side  of  the  cephalic  end  of  the  pleural  cavity  into: 
a  single  stem,,  the  ductus/ Cuv^eri  (the  futur^  vena  cava  superipr),: 
which  passes  in  the  somatopleure  around  the  outside  of  the  pleural 
cavity  to  join  the  other  veins  in  the  dorsal  part  of  the  septum  trans- 
versum "  (Minot).  Thus,  in  an  embryo  of  three  or  four  weeks,  the 
duct  of  Cuvier  passes  transversely  inwards  and  ventralwards  across 
the  neck  of  the  down-growing  bud  which  gives  rise  to  the  lungs  (figs. 
3  and  5).  !  Normally,  the  bud  grows  right  down  internal  to  the  duct 
of  Cuvier,  forming  only  the  trachea  in  this  part ;  and  thus,  when  the 
lobes  of  the  lung  begin  to  be  formed,  they  grow  up  external  to  the 
▼ein,  which  thus  comes  to  arch  simply  over  the  root  of  the  lung.  If, 
however,  the  pulmonary  stalk  begins  to  bud  earlier  than  usual,  and 
slightly  above  the  level  of  the  duct  of  Cuvier,  this  lobe,  or  a  portion 
of  it,  may  Ibe  cut  off  by  the  vein,  and  prevented  from  reaching  the 
general  pleural  invagination  on  the  outer  side  of  the  duct  (figs.  4  and 
6).  Thus  the  vein  will  be  kept  away  from  the  middle  line  of  the 
body,  and  will  encircle  the  neck  of  the  accessory  lobe,  which  will 
carry  the  pleura  up  wjth  it  internal  to  the  vein,  thus  forming  a 
separate  cul-de-sac  and  a  mesentery  for  the  vein.  As  the  lung  con- 
tinues to  grow,  the  root  of  the  accessory  lobe  will  be  carried  down 
below  the  level  of  the  vein,  and  thus  the  vein  will  be  entirely  above 
the  level  of  the  root  of  the  lung,  but  will  be  kept  away  from  the 
middle  line  of  the  body  by  the  portion  of  lung  substance  which  it 
constricts.  Such,  I  believe,  to  be  a  possible  explanation  of  the 
formation  of  the  accessory  lobe.  Though,  in  the  present  case,  the  lobe 
is  evidently  formed  at  the  expense. of  the  upper  primary  lobe,  it 
would  seem  that  in  some  cases  itinay  be  quite  separate  from  the  rest ; 
f pr  Chiene  distinctly  remarks^  **  this  lobe  wa^  additional,  not  formed 
'  it  the  expense  of  the  prima^  lo^es.'^ ' 
;  Works  oh  comparative  anatomy  do  not  seem  to  throw  any  light  on 
ihi?  fMuatipn..  Owen,  in  describing  the  lob^tion  off  the  lungs  of 
differen't  k^lds  of  animals,  mentions  cases  where  the  ri^ht  lung  con-' 
ihts  of  four  lobes  in  addition  to  the  azygos  16be,  but  says  nothing 
&botit  the  condition  of  the  vena  azygos  major  in  any  of  these  cases. 
Allen  imports  finding  a  portion  of  the  upper  lobe  of  the  right  lung  in 
a  porpoise,  constricted  by  the  vena  azygos  major,  but  there  does  not' 
seem  to  be  any  other  recorded  case  of  a  similar  condition  in  animals. 

With  the  unusual  position  of  the  vena  azygos  major,  the  left 
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BQperior  intercostal  Tein  is  enlarged,  and  drains  ten  spaces.  This  is 
probably  due  to  the  blood-flow  through  the  azygoe  vein  being  some- 
what obstructed  hj  its  position,  and  the  communioation  between  tho' 
bemi-azygos  supeiior  sod  superior  intercoetal  veins  being,  in  couae* 
quence,  enlarged. 

This  specimen,  showing  the  snpemnmeraTy  lobe,  also  shows  another 
rather  rare  anomaly,  namely,  Hw  snproscapnJAr  artery  arising  from  the 
internal  mammaij  artery. 

"Proteeax  Cvnnikghah  exhibited  an  Occipital  hone  which  presented 
an  interesting  abnormality  (fig.  2).  On  its  nnder  surface  and  around 
the  foramen  magnum  there  was  outlined  what  appeared  to  be  a  pro- 
atlas,  or  an  addititxial  vertebral  element.     The  articular  surfaces  were 


tia.  2. 

distincll;  condyloid  in  character ;  and  the  transveree  processes,  which 
were  feebly  marked,  formed  distinct  and  separate  free  projecti«u. 
The  posterior  arch  of  thia  extia  vertebra  stood  out  in  reUef  as  a  curved 
ridge,  which  encircled  the  foramen  magnum  behind  the  condyles. 
Professor  Cunningham  stated  that  be  poeseaaed  two  other  skulls,  both 
with  paramastoid  processes,  which  showed  a  somewhat  similar  con- 
dition, but  in  a  much  less  marked  degree.  One  of  these  he  also 
exhibited  to  the  Society. 
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AlmormcU  Spleen,  By  Arthur  Latham,  M.A.,  M.Bi  Oxon.,  M.RC.P., 
AasiBtant  Physician,  Yictoria  Hospital  for  Children,  and  Curator 
of  Museum,  St  George's  Hospital,  and  F.  Jaffrby,  F.B.O.S., 
Surgical  Registrar,  St  Qeorge's  Hospital. 

The  specimen  was  removed  at  the  post-mortem  examination  of  a 
man  aged  34,  who  died  from  Bright's  disease. 

The  spleen  itself  is  normal,  both  in  position  and  in  shape,  but  has 
a  tailed  process,  13  inches  long,  which  commences  in  the  spleen 
internal  to  the  hilum,  and  stretches  down  to  the  upper  part  of  the 
left  testis,  to  which  it  is  firmly  attached.  The  process  is  thicker  at 
either  end,  being  about  the  size  of  a  little  finger  at  its  upper  extremity, 
and  expanding  to  about  the  size  of  a  thumb  at  its  lower  end.  Between 
these  two  points  it  is  much  smaller,  and  where  it  lay  in  the  inguinal 
canal  it  is  practically  a  new  cord.  Both  the  inguinal  canal  and  the 
internal  and  external  rings  were  patent.  The  process  has  been  sub- 
mitted to  microscopical  examination,  both  in  its  upper  and  lower 
portions :  it  consists  of  splenic  tissue,  with  a  thickened  capsule  and 
excess  of  fibrous  tissue,  this  excess  of  fibrous  tissue  being  especially 
marked  at  the  lower  portions. 

There  was  a  small  congenital  hydrocele  present. 

Mr  W.  H.  Bennett,  F.R.C.S.,  has  kindly  given  me  the  notes  of  a 
similar  spleen,  which  he  dissected  when  demonstrator  of  anatomy  at 
St  George's  Hospital  in  1&73.  The  spleen  was  of  normal  size,  but 
1-2  inches  lower  than  usual.  Its  inferior  extremity  rapidly  tailed  oif 
to  a  thin  flat  process,  which,  an  inch  after  its  commencement,  expanded 
into  a  rounded  mass  of  ordinary  splenic  structure.  From  this  the 
tail-like  process  passed  down  t}irough  the  inguinal  canal,  and  finally 
terminated  a  short  distance  above  the  testicle.  The  spleen  itself  was 
more  irregular  than  usual,  and  there  were  several  small  accessory 
splenic  nodules  lying  close  to  its  mesial  aspect.    • 

Absence  of  Gall-Bladder.  By  Arthur  Latham,  M.A.,  M.B.  Oxon., 
M.R.C.P.f  Assistant  Physician,  Yictoria  Hospital  for  Children, 
and  Curator  of  Museum,  St  George's  Hospital 

This  specimen  was  removed  at  the  post-mortem  examination  of  a 
man  aged  49,  who  died  from  pulmonary  taberculosis. 
.  There  was  nothing  of  any  interest  in  his  previous  history. 

The  main  point  of  interest  about  the  specimen  is  that,  in  spite  of 
the  absence  of  the  gall-bladder,  the  hepatic  ducts  are  normal,  and 
there  is  no  dilatation  of  the  bile  ducts. 

Dr  T.  H.  Brtck  exhibited  a  specimen  of  an  Exteruor  Minimi  Digitiy 
the  ulnar  slip  of  which  had  acquired  an  attachment  to  the  base  of 
the  fifth  metacarpal  bone.  The  muscle  ended  in  two  tendons  in  the 
lower  third  of  the  forearm.  These  passed  together  through  a  special 
compartment  of  the  posterior  annular  ligament,  and  immediately 
thereafter  separated.  The  radial  slip  was  continued  forwards,  and, 
iifter  being  joined  by  a  slip  from  the  tendon  to  the  ring-finger,  formed 
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the  dorsal  expansion  of  the  little  finger ;  the  tilnar  slip  was  attached 
to  the  hase  of  the  fifth  metacarpal  bone.  The  special  interest  of  the 
specimen  depended  on  the  similarity  to  the  arrangement  of  the 
peroneus  tertius  in  the  lower  extremity, 

Dr  Barclay  Smith  exhibited  a  Skull  with  a  remarkable,  and,  he 
believed,  hitherto  undescribed  anomaly  of  the  Malar  hone.  On  the 
left  side  the  malar  was  bipartite,  a  condition  which  has  been  fre- 
quently observed.  On  the  right  side,  not  only  was  the  bone  bipartite, 
but  the  two  portions,  superior  and  inferior,  were  separated  from  one 
another  by  a  backward  extension  of  the  maxilla,  which  articulated 
with  the  zygomatic  process  of  the  temporaL 

An  intra-jugal  temporo-maxillary  arch,  viz.,  on  the  cranial  aspect  of 
the  malar,  has  been  described  by  Gruber  and  others,  while  the  much 


Fio.  8. — ^T,  Temporal;  M/ Maxilla;  M.8.,  Superiormolar ;  M.i.,  Inferiormolar. 

rarer  condition  .of  an  infra-jugal  arch  was  first  recorded  by  Dieterich, 
and  lately  by  Bomiti. 

The  case  now  under  consideration  might  be  defined  as  inter-jugal, 
and  constituted  a  third  and  new  variety  of  temporo-maxillary  aroh. 

Professor  A.  M.  Patbrson  read  a  paper  on  Ths  GmUo-UrincBry 
Or  (jam  of  the  Female  Indian  Elephant y  in  which  the  results  of  his  own 
obeervationsLwere  carefully  compared  with  those  of  other  writers  on 
the  subject.. 

The  paper  is  printed  in  extenso,  p.  582  of  the  Journal  o/Anaiomy, 

Professor  Cunningham  read  a  paper  on  The  Itkirapnniine  Cour$e  of 
the  Seventh  Cranial  Nerve  in  Man,  the  Orang^  and  the  Chimpanzee^ 
and  illustrated  his  observations  by  sections  through  the  pons  Yarolii  of 
each,  and  by  a  model  which  he  had  constructed  ol  the  serve  as  seen 
in  the  orang.  Be  pointed  out  that  in  the  ora^g  the  nucleus  of  origin 
js  relatively  larger  than  in  man,  and  that  the  ^root-fibres  appear  to  be 
much  more  numerous.  .    . 
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Note  on  the  Curvature  of  the  Stomach  and  Duodenum^  By  W,  J. 
YoTTNO,  Univ.;  ColL,  Liverpool  Communicated  by  Professor 
Pateeson. 

The  facts  'whicli  form  the  subject  of  this  note  are  not  contained  in 
any  of  the  works  on  anatomy  I  have  been  able  to  consult,  and  seem 
to  present  features  of  anatomical  and  embryological  interest. 

As  usually  figured,  the  lesser  curvature  of  the  stomach  is  repre- 
sented as  continuous  with  the  outer  border  of  the  second  part  of  the 
duodenum,  and  the  greater  curvature  with  its  mesial  border.  In  such 
a  figure  the  antero-superior  surface  of  the  stomach  is  shown  as  <son- 
tinuous  with  the  anterior  surface  of  the  duodenum  in  both  its  first 
and  second  parts. 

Examination  of  a  number  of  case^  leads  me  to'  believe  that  the 
lesser  cur^ture  of  the  stomach,  if  ciurelully  traced  onwards,  is  found 


Fig.  4. 

to  beeome  oontinnous  with  the  mesial  border  of  the  second  part  of  the 
duodenum,'  and  the  greater  curvature  with  the  convexity  of  the 
duodenum  (fig.  4).  !  . 

The  obvioiiB!  effect  of  such  an  arrangement  of  the  borders  is  that 
the  superior  and  inferior  surfaces  of  the  stomach  are  continuous 
re^>ectively  widi  the  posterior  and  anterior  surfaces  of  the  second 
part  of  the  duodenum.  This  disposition  of  parts  is  clearly  indi- 
cated by  a  figure  in  ChmfB  Anatomy^  which  Tepresentsjthe^ltbdominal 
viscera  with  the  stomach  turned  up. 

•  In  some  cases  this  feature  is  not  so  well  marked  aii  in  othe|s,.but  in 
all  the  continuity  of  the  lesser  curvature  of  the  stomach  with  the 
mesial  border  of  the  duodenum  in  its  second' pkA  wab  qmt^  iervident. 

.In  consideration  of  these  faote,  a  po^lt'  of  '|liffici)lt]^  iari^  upon] 
which  I  do  not  feel  competent  to  enlarge. .:  A  striking  fieature  of  the^ 
anatomy  of  this  region  is  that  the  bile  duct,  originally  Ventral^  to  the 
duodenmn,  lies  behind.and.to  the  inner  sifl^  of  its  second  {(apt,  and 


xlii  PBOCEEDINQS  OF  THK 

unites  near  its  orifice  with  the  duct  o£  the  pancreaa  The  question  at 
once  occurs,  **  How  has  this  change  in  position  of  the  hile  duct  and 
pancreatic  duct  heen  hrought  ahdut  T'  Might  it  not  be  suggested  that 
in  the  embryo  some  inequality  of  growth  takes  place  in'  the  duodennm 
causing  a  bulging  of  its  wall  to^  the  left  and  forwards,  thus  bringing 
the  orifice  of  the  bile  duct  to  its  right  side,  and  that,  later,  the  duo- 
denum itself  falls  ov«r  to  the  right?  An  explanation  of  this  kind 
would  seem  at  all  events  to  derive  a  certain  amount  of  anatomical 
support  from  the  existence  of  this  peculiar  twist  of  the  duodenum. 

A  Persistent  Cardinal  Vein  (Left),  with  remarJcs  on  the  neighhoun'tig 

Veins.    By  Edward  Fa  woett. 

This  condition  was  met  with  sonxe  time  ago  in  the  dissect^g-room 
at  University  College,  Bristol;  and  as.it  is  a  somewhat  xmcommon 
one,  I  venture  to  record  it. 

General  deecription. 

The  vein  stretched  between  the  left  common  Diac  and  the  left 
innominate  veins. 

From  the  former  vein,  as  high  as  the  8th  thoracic  vertebra,  it  was 
as  wide  as  the  little  finger ;  at  this  level  it  communicated  by  a  large 
cross  trunk  with  the  vena  azygos  major,  so  that  the  continuation  up  to 
the  innominate  was  of  small  size. 

Special  description. 

This  vein  commenced  in  the  left  common  iliac  vein,  behind  the 
middle  of  the  corresponding  artery,  and  ascended  on  the  internal 
points  of  origin  of  the  left  psoas  magnus  muscle,  covering  the  sympa- 
thetic cord  of  that  side,  and  lying  to  the  left  side  of  the  abdominal 
aorta. 

It  entered  the  thorax  by  the  aortic  orifice  of  the  diaphragm,  on  the 
left  side  of  the  aorta,  ascended  iii' the  posterior  mediastinum  as  high 
as  the  8th  thoracic  vertebra^  where  it  crossed  to  the  right  behind  the 
thoracic  aorta,  and  joined  the  great  azygos  vein. 

At  the  point  where  it  commenced  to  cross  the  middle  line  it 
received  the  trunk  formed  by  the  united  left  superior  intercostal  and 
left  superior 'azygos  veins,  and  the  former  was  connected  with  the  left 
ihno^inate  vein  by  a  small  pervious  trunk,  which  gave  a  fibrous  cord 
down  to  the  pericardium,  which  could  be  traced  to  the  coronary 
sinus.  ' 

This  persisteht  Cardinal '  vein  made  the  following  communica- 
tions:— 

(a)  Opposite  the  1st  lumbar  vertebra  it  communicated  with  the 
vena  azygos  major  by  a  large  square  branch,,  whose  dianieter  was  1^ 
inches.     Of  this  more  anon. .  . 

(h)   Opposite  the  8th  thoracic  vertebra,  as  has  been  before  said,  it  I 

entered  the  great  vena  azygos;  and  so  large,  wats.  this  codimunication  i 
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that  poefflbl;  all  the  ramainiDg  blood  of  the  left  oaidinal  syetem  wu 
conveyed  to  the  great  azygos  vein  by  it. 

The  vena  azygo»  major  coinmencad  in  the  inferior  vena  cava  oppo- 
site the  2nd  lumbar  vertebra,  and  it  (opposite  the  let  lumbar  vertetua^ 
commnnicated  by  the  large  square  sinus  I  have  already  mentionea 
as  lying  behind  the  abdominal  aorta,  between  the  crura  of  the 
diajjiragm  with  the  left  cardinal  vein. 


-S.t.V.- 
LD-C 


u.  u, — 8.LV.,  left  Bup.  interooatal  vein  ;  LD.C,  lover  part  of  left  dact  of 
Cavier;  L.8.A.,  left  mp.  ujgM  vein  ;  L.I.A.,  left  inf.  ujrob  vain  ;  &,B., 
right  sod  left  reaal  veiQB ;  A.L.,aBoendiDglumbBr ;  L.L.,  left  lumbu' vein*  ; 


L.tJ.L,  led  oommoQ  iliac;  G.B.,  oommon  trank  nnitiDg  left  lumbar  vefus 
and  bringing  them  into  oomntanioation  with  inC  vena  cara ;  I.V.C.,  lut 
vena  cava;  3.',  right  BpATinatUartarj-,' V.A.M.i'viDaizygdi  mijor. 


This  vein  having  entered  the  thorax,  lay  in  its  nsnal  position,  bUi 
its  calibre  waa  much  less  than  that  of  the  cardinal  below  the  point  at 
whi(^  it  received  the  end  of  that  vein. 

The  inferior  vena  cava  was  mudh;  smaller  than  usual,  as  might  bo 
expected.  •■-.■,■      .  i  , 

It  waa  formM  chiefly  by  the  right  comnioa  ilfte  vein,  -which,' 
opponte  the  disk  between  the  4th  and  5th  lumbar  vei^brsa,  received' 
a  small  transverse  branch  from  the  left  common  iyao  and  eardinal 
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junction;  In  bU  probabilitj  this  tranverBB  branch  was  reaDj  tiie  left 
common  iliac  vein,  much  reduced  in'  size. 

The  inferior  vena  cava  received  the  right  lumbar  Teins,  and  a  trunk 
which  communicated  with  the  left  lumbar  veins  near  their  junctioti 
with  the  left  cardinal  vein,  and  probably  drained  them  of  eome  of 
their  Uood.  This  commonicating  trunk  crossed  behind  the  aorta  at 
the  disk  between  L  3  and  L  4.    .. 

The  right  spermatic  and  right  renal  rein  entered  the  inferior  vena 
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aav»  (on th& leftside' the  apenoatio  vein  joined  the  r^o^I,  aa-did  the 
oapBulai). 

It  is  quite  obvious  how  this  stpte  of  Affair*  has  cone  about  j  henca 
nq  expWation  is  necessar;  from  me. 

In  conolusioD,  I  ms}r  say  that  the  left  kidney  received  four.-arteriea, 
tir«-«f-whiQh  arose  diMe  togetiwr /roia  thp  abcbtvii^  Wl^  <qqKwite 
the  3nd  lumbar:  vertebra,  and  two  opposite  the  didtl^tvaW  the  Srd 
4tid  4Ui,  Inrntwr  vertel^w,,  - 
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i   A  Permsteni  Thymus, 

This  somewhat  Qncommon  condition  was  observed  in  a  female  sub- 
ject aged  28  years,  when  the  sternum  was  removed  in  the  dissection  of 
the  thorax. 

As  the  drawing  shows,  the  gland  consisted  of  two  lobes  connected 
by  an  isthmus.  Both  lobes,  for  the  greater  part  of  their  extent,  lay 
on  the  front  of  the  pericaidium,  and  they  reached  doum  to  the  level 
of  the  4th  costal  cartilages,  upwards  over  the  left  innominate  vein  as 
high  as  the  thyroid  gland,  to  which  they  were  tied  by  connective 
tissue. 

Each  lobe  received  an  arterial  branch,  which  arose  from  a  stem 
springing  from  the  inner  side  of  the  root  of  the  common  carotid 
artery  of  the  right  side ;  and  it  is  on  this  account  more  particularly 
that  the  case  is  mentioned. 

The  veins  from  the  gland  were  large,  and  entered  the  left  innom- 
inate. 

In  the  same  subject  a  musculus  supracostalis  was  present  on  the 
left  side,  stretching  from  the  1st  rib  over  the  2nd  to  the  3rd.  It 
received  a  nerve  from  the  lateral  branch  of  the  Ist  intercostal  (which 
was  present  in  this  case) ;  the  lesser  internal  cutaneous  was  absent. 

The  2nd  costal  cartilage  was  double  on  this  side. 

On  the  same  side  a  deep  muscular  slip  arose  from  the  cartilage  of 
the  10th  rib,  under  cover  of  the  obliquus  abdominis  externus,  and 
coursed  downward,  forward,  and  inwards,  to  end  in  the  external 
oblique. 

This  slip  is  interesting,  perhaps,  in  association  with  the  supracostalis. 

In  the  same  subject  a  levator  damculcB  was  present  and  a  Meckel's 
diverticulum. 

The  Eustachian  valve  was  directly  continuous  with  the  Thebesian, 
and  there  was  a  patent  foramen  ovale. 

"W.  H.  Gaskell,  F.E.S.,  read  a  paper  on  Tk^.  Or/gin  of  the  CartHag- 
inoua  Skeleton  of  Vertebrates^  of  which  the  following  is  an 
abstract : — 

The  author  pointed  out  that  the  vertebrate  cranial  skeleton  could 
be  referred  back  step  by  step  to  the  simple  skeleton  of  the  Ammo- 
ccetes,  in  which  it  is  found  to  consist  of  two  distinct  parts :  (1)  a  basi- 
cranial  part  consisting  of  the  trabeculee  with  the  parachordals  and 
auditory  capsules ;  (2)  a  branchial  part  consisting  of  a  metameric  series 
of  branchial  bars,  which  are  at  first  simple  and  then  form  the  well- 
known  branchial  basket-work,  and  of  a  pair  of  longitudinal  carti- 
laginous bars  on  each  side  of  the  notochord,  from  which  at  regular 
intervals  the  transverse  branchial  bars  spring.  These  two  parts  are 
further  characterised,  as  is  well  known,  by  a  difiference  of  structure, 
the  basi-cranial  skeleton  consisting  of  hard  cartilage  (the  matrix  of 
which  stains  yellow   with  picrocarmine  and  does  not  stain  with 
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thionin),  allied  to  hyaline  cartilage  and  the  hranchial  skeleton  of  soft 
cartilage  (the  capsules  of  which  stain  deep  purple  with  thionin)  allied 
to  emhryouic  or  parenchymatous  cartUage.  Further,  this  latter 
cartil^  id  formed  in  a  pecidiar  connective  tissue  called  muco-cartilage, 
which  also  stains  deep  purple  with  thionin. 

The  author  then  pointed  out  that  the  cartilaginous  skeleton  of 
limulus  and'  the  Arachnids  closely  resembled,  both  in  structure  and 
in  position,  this  primitiye  cartilaginous  skeleton  of  the  Ammoccetes. 
Thus  in  the  mesosomatic  region  each  branchial  appendage  is  supported 
by  a  bar  of  cartilage  which  springs  from  the  entapophysis,  and  is  con- 
tinuous with  the  cartili^e  formed  ih  the  two  longitudinal  entapophy- 
sial  ligaments  which  connect  together  the  series  of  entapophyses  on 
each  side.  This  cartilage. stains  deep  purple  with  thionin,  is  most 
markedly  parenchymatous  in  character,  and  is  found  in  a  peculiar 
connective  tissue  which  stains  deep  purple  with  thionin,  just  like  the 
muco-cartilage  of  Ammocoetes.  Further,  in  the  prosomatic  i^on  the 
internal  cairtOagihous  skeleton  is  represented  by  the  plastron  or  ento- 
chondrite  which,  according  to  Schimkewitsch,  originated  as  two  lateral 
trabecule  fqtxned  of  tendinous  material.  Inthese  tendinous  trabectdae 
nest^  of  cartilage  cells  are  found  especially  well-marked  in  the  Thely- 
phonidflB*  The  cartilaginous  material  formed  by  these  cells  does  not 
sts^in  with  thionin,  but  stains  deep  yellow,  with  picrocarmine ;  it  id 
. .  formed  in  this  white  fibrous  tissue,  which  is  shown  to  consist  mainly 
of  gelatine,  and  not  in  a  muco-cartilage,  which  consists  mainly  of 
mucin.  The  author,  therefore,  concludes  that  in  both  groups  of 
animals  a  similar  mesosomatic  or  branchial  skeleton  exists  and  a 
similar  prosomatic  or  basi- cranial  skeleton ;  that  the  cranial  skeleton 
of  vertebrates  arose  therefore  in  two  ways:  (1)  by  the  formation  of 
cartilage  in  a.  tissue  the  main  substratum  of  which  was  a  chondro- 
mucoid  substance,  and  (2)  by  the  formation  of  cartilage  in  a  tissue  the 
main  substratum  of  which  was  a  collagenous  or  gelatinous  substance. 
Finally,  he  pointed  out  that  theje  was  distinct  evidence  that  one  if  not 
both  of  these  internal  cartilaginous  formations  originated  from  the 
modification  of  ingrowths  of  the  external  chitinous  skeleton,  and  saan 
easy  explanation  was  given  of  the  steps  by  which  the  internal  skeleton 
of  Vertebrates  arose  from  the  exo^keleton  of  the  Arthropod.  ^ 
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